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RECEPTORS AND USES THEREO* 

Cross Reference To Related Applications 
This application is a continuation-in-part of Application Serial No. 
5 08/837,305, filed April 11,1 997, which is a continuation-in-part of Application 
Serial No. 08/671,756, filed June 28, 1996. 

Statement as to Federally Sponsored Research 
This invention was made, in part, with U.S. Government support under 
Grant No. 5-RO 1-AI3 1 866 awarded by the National Institute of Allergy and 
10 Infectious Diseases. 

The Field of the Invention 

This invention relates to low molecular weight bivalent and multivalent 
crosslinking compounds capable of inducing association between naturally 
occurring receptors, and particularly to inducing association between surface 
15 receptors on T cells, hematopoietic cells or antigen presenting cells such as 

macrophages, dendritic cells or B cells, e.g., homobivalent induced CD26-CD26 
association or heterobivalent induced CD26 association with the above-mentioned 
surface receptors. 

Background of the Invention 

20 Cell surface receptors transmit signals received on the outside of a cell to 

the inside through two basic mechanisms: (1) ligand-induced allosteric 
conformational change and (2) ligand-induced association. 

The ligands for the ligand-induced, allosteric conformational change 
mechanism are typically small molecules, such as the catecholamines or the 

25 neuropeptide hormones. 

The ligand-induced association mechanism involves an association of 
specific proteins on the cell surface and has only recently been discovered 
(relatively speaking), but already has been shown to be as widely used and as 
important as the first mechanism. 
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Receptors activated by a ligand-induced dimerization include for 
example, those for eel, growth and differentiation factor, Factors which serve as 
l.gands for these receptors are typically ,arge poiypeptide hormone and cytokines 
such as erythropoietin, granulocyte colony stimulating factor (G-CSF) or 
s granulocyte macrophage colony stimulating factor (GM-CSF), and human growth 
hormone (hGH). Many of me dimerization-activated receptors have cytoplasmic 
ta,Is that contain protein kinase domains or docking sites. Ligand-induced 
d.menzation of the extracellular domains of these receptors results in the 
juxtaposition of their cytoplasmic tails. They then presumably phosphorylate each 
■o other in trans and thereby initiate the cytosolie signaling pathway. In some cases 
-h= cytoplasmic domains of dimerization-activated receptors do not have kinase 
domains themselves, but function the same as if they did because they associate 
with protein kinases via docking sites. 

• -Receptors activated by oligomerization or aggregation are found most 
» frequent* in the immune system. They include, for cxampie, the T cell surface 
receptors such as CD2, CD4, CDS, CD28, CD26, CD44, CD45, CD10 and 
CDOTCR (T cell antigen receptor) and the B cel. surface receptors such as CD40 
B7. 1 and B7.2. The ligands for these eel, receptors are most often cell surface ' 
protems themselves, and can be found on cognate cells. Aggregation-activated 
r=cep tore fre q uen„y have short cytoplasmic domains which act to bind and thereby 
recruttother cell surface and/or cytosoiic factors following the aggregation of their 
extracellular domains. 

The ahosterica.ly activated receptor class has been the primary focus of 
drug discovery, design, and development eflbrts for decades. These efforts have 
ycldcd many pharmacoiogicaUy agents. ,„ pri„ ci p, c , lwo disljnct 
reposs.ble; antagonists and agonists. Antagonists block the binding of the natura, ' 
h £ and ,out inducing the conformational change in the receptor thereby bloct 
a stgnal transduction pathway. Agonists bind to the receptor in „ m .„„ ' 
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as natural Iigand thereby initiating a signal transduction pathway. See Seed, et al. 
for a theoretical discussion on how to make an agonist from an antagonist (Seed, B., 
Making Agonists of Antagonists, Chemistry & Biology 1:125 (1994). See Austin, 
et al. for a discussion of the role of regulated protein dimerization in biology 
5 ^Austin, et al. Chemistry & Biology 1:131 fl994y>. 

Several association-activation receptors have recently become the targets 
of drug discovery efforts, owing to the important roles they play in various cellular 
signaling. Low-molecular weight synthetic molecules, that block the interaction of 
receptors and their ligands and interfere with signal transduction (i.e., antagonists), 

io have been identified using the methods employed with the allosterically activated 
class. These low-molecular weight synthetic molecules are potential drugs. 

Monomeric inhibitors block recall antigen-induced T cell activation and 
proliferation (G.R. FIcntkc, et al. Inhibition of dipeptidyl aminopeptidase IV (DP- 
IV) by Xaa-boroPro dipeptides and use of these inhibitors to examine the role of 

15 DP-IV in T-cell function, PNAS (USA) 88, 1556-1559 (1991)). A number of anti- 
CD26 mAbs have the same inhibitory activity when used under non-crosslinking 
conditions (C. Morimoto, et al. 1F7, a novel cell surface molecule, involved in 
helper function of CD4 cells, Journal of Immunology 143, 3430-3439 (1989) and 
published erratum appears in J. Immunology. 144(5):2027 (Mar 1990)). Most anti- 

20 CD26 mAbs are stimulatory, rather than inhibitory when used under crosslinking 
conditions (R.W. Barton, et al. Binding of the T cell activation monoclonal 

antibody^al to dipeptidyl pep 

(1990); L.A. Bristol, et al. Thymocyte costimulating antigen is CD26 (dipeptidyl- 
peplidasc IV). Co-stimulation of granulocyte, macrophage, and T lineage cell 

25 proliferation via CD26, Journal of Immunology 1 49, 367-372. ( 1 992); L.A. Bristol, 
et al. Characterization of a novel rat thymocyte costimulating antigen by the 
monoclonal antibody 1.3, Journal of Immunology 148, 332-338 (1992); B. 
Fleischer, et al. Triggering of cytotoxic T lymphocytes and NK cells via the Tpl03 
pathway is dependent on the expression of the T cell receptor/CD3 complex, 
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Journal of inununolosy ,41, „ 0 3-„077 (,988); M. Hegen, * aI . The T ^ 

7T m TT TpI03 is wilh IV activity 

./. Immunol. 144, 2980-2914 (1990)). 

5 hio, rr ■ A r d3SS ° flOW m ° IeCUlar WCi8h ' SyMhetiC " ic — - with 
. h 6h affi „ lly for CD26 haye previously been deve]oped Md 

, Hen*. .« a,, inhibition of d ipep, idyl an^p^e [v 

d 1P ept, d cs and me of lhess inhibjtors , o examjne roic Qf op iv ^ 
function, M> 1536 . 1559 (199i); w G Gu[hd| 

Scpatahon ol L - Pro . DL . boroPro imo Ils Componem 
Analysis of The, Inhibition of Dipcptidyl ^ , y a ^ 

° f S, ° W ' TiSh '- BindinS Inhibili0n ' 32. 8723-873 , (,993» 

CD26 > ssc,, ated DP ,V proteinase activity . y . , 

^ a specialty f or rcmovins Xaa . p ,. o (whcrc x ^ * 

R=~,ivc monomeric secures of these transition-state-an^o- 

«*~. ,„ !ublte , Xaa . boroPro _ arc c c _ pro . boropro m ^ » . 

1,1CSe " ,h ' b,t0rS te ' Ki <™ picomohtr (p M ) (W.G. Guthei, and W W 
^hovchi, Scparalion of L . Pro . DL . boropro in[o • • 

Method for (he Analysis of Slow, Tight-Binding Inhibkion Binr! ■ 
8731 n 99311 v,ih d u S'" mM ><"i.aoc'/w, TO « 0 ,32 j87 23. 
B ( 993)). Val-boroP r ohas CT enahi g hera ffi ni 1 y,w i thaKiof,.6 P M(WG 
Ou he,, and W. W. Bachovchi, Snpra; R.J. Snow , cl al . Sludics Qn ^ 

Acd D,pe P t ld e inhibitors of Di P ep tidyl Peplidasc IV: tf ™™ 

Spec.es Containing a B-NBonoU.,,, C/,„. „ 6 , ,0860-108,9 (,994)) 



-5- 



targets between 10* 8 and 10* 9 M. 

United States Patent Nos. 4,935,493 (the '493 patent) and 5,462,928 (the 
'928 patent), both of which arc incorporated herein by reference, disclose protease 
inhibitors and transition state analogs (the '493 patent) and methods for treating 
5 transplant rejection in a patient, arthritis, or systemic lupus crythematosis (SLE) by 
administering a potent inhibitor of the catalytic activity of soluble amino peptidase 
activity of dipeptidyl peptidase type IV (DP-IV; (G.R. Flentke, et al. Inhibition of 
dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these 
inhibitors to examine the role of DP-IV in T-cell function, PNAS (USA) 88, 1556- 
10 1559 (1991)). 

Until now, most drug discovery and development efforts have been 
directed at the allosteric conformational change-activated class of receptors. Also, 
' the efforts directed at the association-activated class have focused on monomelic 
agents capable of blocking binding of a natural ligand, and therefore blocking 
15 signal transduction mediated by these receptors. 

Cytotoxic drugs have untoward effects since they indiscriminately kill 
all proliferating cells. With the advent of monoclonal antibodies, it is possible to 
increase the specificity of these therapeutic tools. Monoclonal antibodies against 
the T cell receptors, e.g., T-ccll receptor, CD4 and CD8 co-receptors, and to MHC 
20 class II molecules, have all been evaluated for their respective benefit in 
experimental models for the treatment of autoimmune disease. The major 
impc&mentto^ 

most monoclonal antibodies are made in mice, and humans rapidly develop an 
antibody response to mouse antibodies, which limits their potency. because of 
25 neutralization and, worse, produces allergic reactions such as immune complex 
disease. Once this has occurred, all mouse monoclonal antibodies become useless 
in that patient. To avoid this problem, antibodies which are not recognized as 
foreign by the human immune system are currently being made via different ways. 
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One approach „ t0 clone human y rcgions a phage 

forbmd tngtohumancells. «, ttBlMMtal-to J 

enhrely human in origin can „ c ^ ^ ^ ^ ^ ^ 
—globuHn genes can be ^ human ^ 

oc, „stng yrast artificial chr( _ Thir4 graft ^ 

loops ofa mouse monoclonal antibody onto the framework of a human 
.mmunoglobulin molecule (a process known as human iz a,ion) 

Each of these methods produce monoclonal antibodies which arc far iess 
-tunogenic in humans than U,c parent mouse monoclona, antibodies, but with 

anlud.oiyp.c neutralizing antibodies are often produced in patients receiving ' 
monoclonal antibody therapy. 

Summary nf the. Tnv^r,t;» n 
• • In general, low molecular weight, bivalent or multivalent, synthetic 
crosslmkmg compounds are designed and developed, rhese synthetic crossing 
ompounds may act either as agonists or antagonists and induce association 
^wcen naturally occurring rcceptots, e. 8 ., induce U ,e association of one particular 
T e„ surface receptor, such as CD26, with (a) itself or, (b) with anothcr T ce „ Qr 
an..gc„ presenting cei, surface receptor (e.g„ CD2, CD4, CD 8 CD28 CD26 
CO 4 4,CO 45 ,C D1 0,CO3 / TCRCorTC R/ C D 3 )) ,CO 4 0,3 7 , i nd Z 2 ' 
cross,' „• Thel ° Wffl0lCCU,arW ^". "ivaien, or multivalent, synthetic 
— k,„g compounds of this invention are small enough (,css than about 30 ■ 

"°° aC ' dS - "* — *«* 20 amino acids) to obviate me 

tmmunogenicity associated with monoclonal antibodies. 

The bivalent or multivalent svnrhMi.- ™. >• t- 

m, syntnetic crosslinktng compounds of tlm 

nventton can be administered to a patient wiihou, being co-adminLed ^ I ' 
adjuvant. !„ contrast, most other peptides, proteins and carbohydrate antic 
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adjuvant. 

The compounds of the invention are useftil for crosslinking molecules on 
the same or different cells that are involved in immune system modulation. 
Compounds of the invention fall within the following genus: 

(I) [P 2 (R 2 )J n -L-P'R»] 

wherein P 1 represents a first targeting moiety, preferably a peptide that 
10 can mimic the substrate binding site of a protease (preferably a serine protease or 
cysteine protease) that is expressed on the surface of the cell involved in immune 
system modulation (e.g., a T cell, a B cell, a stem cell, a bone marrow cell, 
including an antigen presenting cell); 

R 1 represents a reactive group that reacts with a functional group in a 
15 reactive center of the protease; 

P 2 represents a second targeting moiety, preferably a peptide, that may 
be the same or different from the first targeting moiety; 

R 2 represents a second reactive group that may be the same or different 
from the first reactive group; 
20 m = 0 or 1 and n is a whole number from 1 to 10, and 

L represents a linker molecule (i) having a molecular weight ranging 
from about 100 daltons to about 2000 daltons, (ii) having a length ranging from 
about 20A to about 300 A; and (iii) containing a chain of atoms selected from the 
group consisting of C, O, N, S, and phosphorus atoms, connected by single or by 
25 double bands. Thus, P 1 can be D1~A1~A2~A3~A4 or D2~A5~A6~A7~A8 as 

described below in reference to certain embodiments of the invention. In important 
embodiments of the invention, P 1 is a peptide or a peptidomimctic 

In certain embodiments of the invention, if P^P 1 , then R 2 can be absent, 
the same, or different from R 1 . In general, n is 1 and the compounds of the 
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mvemion are referred t0 as homodimers (i.e., or heterodimci3 ( . e 

Coils which are involved in i" system modulaUon are blood^is 
including T cells, B ce„s, stem cells, bone marrow cells, dendritic cells, and 
anbgcn presenting cells. ^ P , tar8eting mojc(y ^ _ a 
5 pomon fining 2 , 3, or 4 amino acids ^ mimic ^ ^ 

ol , protease. Exemplary psoases which are bciicved t0 be expressed on the 
- ace ofsuch cehs and which are bound by the P- targeting moieties inciude post- 
c d U1C aturaIly occurrjng substra[es Qf ^ ^ ^ 
10 art and are identified below. me 
in genera,, lh e compounds of the invention contain from , to 30 amino 
acid residues (preferabiv the L isomer, and, more preferably, contain from , to 20 
-no acid residues. In the mos, preferred embodiments, the P- targeting moieties 
--^' t °>0ami„oacids,mostpreferab 1 v,fromito 2 ami„ O acL 

leas, the amino acids which mimic the substrate binding site be in the L 

COnfisU ^^ 

configuration (see the Examples) preferably are in the D configuration 

Tic composition of the P- targeting moiety is no. limited .o amino acids 
-ay mdude, in whole or in par, ncamino acid components, provided I 
such components do not interfere significantly (i.e., do not iower the Ki of the 
compound to iess than about 1 0 -'M with the site-specific recognition of the 

w.th the format,™ ofa complex between the compound and the protease 
» certain embodiments, the portion of the P- targeting moicty that is invoL 7 
om ,„g to the substrate binding site is formed of amino acids and the remail ' 
portion o. the p. ^ m0 , cly , ^ ^ ^ ^ ^ 

Scncral, any portion ofU,c P- targeting moi c,y ca „ hc modificd . for ^ ,„ „_ 
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coupled to a detectable reagent, or immobilized to a surface via a linker, provided 
that such modifications satisfy the foregoing inhibition constant and complex 
formation criteria. 

Peptides which reportedly have utility for inhibiting post-prolyl cleaving 

5 enzymes and which, if coupled to a reactive group, form a covalent complex with a 
functional group in the reactive site of a post-prolyl cleaving enzyme are described 
in U.S. Patent No. 4,935,493, "Protease Inhibitors", issued to Bachovchin et al. 
("Bachovchin '493"); U.S. 5,462,928, "Inhibitors of Dipeptidyl-aminopeptidase 
Type IV", issued to Bachovchin et al. ("Bachovchin < 928"); U.S. 5,543,396, 

10 "Proline Phosphonate Derivatives", issued to Powers et al., ("Powers c 396"); U.S. 
5,296,604, "Proline Derivatives and Compositions for Their Use as Inhibitors of 
HIV Protease", issued to Hanko et al., ("Hanko C 604 M ); PCT/US92/09845, "Method 
for Making a Prolineboronate Ester", and its U.S. priority applications (USSN 
07/796,1*45 and 07/936,198), Applicant Boehringer Ingelheim Pharmaceuticals, Inc. 

15 ("Boehringer"); and PCT/GB94/02615, "DP-IV-Serine Protease Inhibitors", 
Applicant Ferring V.V. ("Ferring"). 

In important embodiments, the P 1 targeting moiety mimics the substrate 
binding site of the post-prolyl cleaving enzyme DP IV (also referred to herein as 
"CD 26"). DP IV is a post-prolyl cleaving enzyme with a specificity for removing 

20 Xaa-Pro (where Xaa represents any amino acid) dipeptides from the amino 
! terminus of a polypeptide substrate. Representative structures of transition-state 

; analog^ - 

BoroPro in which "boroPro" refers to the analog of proline in which the carboxylate 
group (COOH) is replaced with a boronyl group [B(OH) 2 ]. Alternative crosslinking 
25 compounds of the invention have an analogous structure in which the boronyl group 
is replaced by a phosphonate or a fluoroalkylketone (described below). 

The invention also embraces compounds which mimic the substrate 
binding site of other post-prolyl cleaving enzymes. For example, IgA 1 proteases 
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recognizc the cleavage site Ser-Thr-Pro-Pro-X (where X is anv • 

a. nctional ^ inaieactivcsiteofa ; igA 

Thr ,n thts targeting mo ie ty may be readiiy substituted with any Qf fte 2Q J* *~ 

«- 0(y. It aiso ts possible l0 substitute non . niIturally Mc 
such as 2 -a Z c,idinecarbo>y,ic acid or pipecohc acid (which „ ave ^J,' ' 

Hcd in the „ will recogni2c lhM [hcre mhcr 



P.o-Thri, 7" 2 ~"' h — ^-i-i nthenaturalsub5trateis 
«'»-Xw.%^ is o«„ ingbawfflnProJndXTi 

R b,„ d .„ g moiety for binding , o an IgA 2 prmease ^ 

' T hr can be substituted by any of [hc natura „ y ™ . 

~ -nciude otber IgA cn2yracs , cnccphal0 „ S ° - 

d=grad,„ s enzymes, and oxyl oci„ degrading cn2 vmcs. 

The P 1 targeting moieties of the invention can be , , . 

expressed on ti.e surface of ceiis invoived in syslem ^ 

iirr and : ptidon,imcfo 

S ub trate b ,„ d ,„ s site of trypsin wouId include a „ 

r=s,due at tts carboxyi-tenninus with the carboxy, g „ up o( , he A ,.„ ^ , ^ 
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to an appropriate reactive center, R 1 , to form a covalent bond with a functional 
group in the active site of trypsin. Exemplary borolysine targeting moieties that 
can be used to form the compounds of the invention are described in U.S. Patent 
Nos. 5,187,157 and 5,242,904, "Peptide Boronic Acid Inhibitors of Trypsin-like 
5 Proteases", issued to Kettner et al. ("Kettner * 157" and Kettner '5,242,904) and in 
U.S. Patent No. 5,288,707, "Borolysine Peptidomimetics", issued to Metternich 
("Metternich"). Intermediates that are useful for preparing these inhibitors and 
related procedures are described in U.S. 5,250,720, "Intermediates for Preparing 
Peptide Boronic Acid Inhibitors of Trypsin-like Proteases" ("Kettner '720") and 

10 U.S. 5,384,4 10, "Removal of Boronic Acid Protecting Groups by 
Transesterification" ("Kettner '410"). 

P 1 targeting moieties also can be designed to mimic the substrate binding 
site of chymolrypsin. Such targeting moieties include a carboxyl terminal amino 
acid rcsiclue that is selected from the group consisting of phenylalanine (Phc), 

15 tryptophan (Trp), and tyrosine (Tyr). Preferably, the carboxyl groups of these 
amino acids arc covalently coupled to an R ] reactive group to form a binding 
moiety that selectively binds to, and forms a covalent complex with, a functional 
group in the active site of chymotrypsin. Yet other P 1 targeting moieties of the 
invention can be designed which mimic the substrate binding site of an elastase. 

20 For example, a P ! targeting moiety which mimics the substrate binding site of an 
elastase would include a carboxyl terminal amino acid residue that is alanine (Ala) ; 
or glycine (Gly) with the carboxyl group of these amino acids covalently coupled to 
the reactive group R 1 . In general, conventional chemical reactions can be used to 
form the foregoing P'R 1 binding moieties. Thus, P'R 1 binding moieties of the 

25 invention can be designed and constructed to mimic the substrate binding site of 
virtually any protease for which the natural substrate is known or can be identified. 

The development of phage display libraries and chemical combinatorial 
libraries from which synthetic compounds can be selected which mimic the 
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substrate bindingsiteofa pretermits ^ 

u, w hich „ R . reactivc group can bc covaIem 

COmpiCXW " l,af '»^o-ISroupi„ Uleproteasereactivcsi , e 

™ ecu e mhibits cieavage by [he pro[ease »er *e 

-,o g (e. g „ . cnromophoric subs(rate ana]og wWch . »e 
» ™o tom e lri c assay , ^e phageiibra , and/orcombinatori ;^ 
molecules which exhibit inhibition of, ho protease,!,, u 

- «*. ^ R , discIosed herein a ~ - - ; — » co UP , ed , 0 

nove, mol ecu,es seiectiveiy bind to ^ ' ' h " " 

screening™, In thi . P ^ by repei " in S above-noted 

TO. , n ,h,s manner, . simple , ^ 

> Provded for identifying non-naturally occurring tarnctin,, . . "S^" 5 " 5 

J erring targc„n gmo , e i,e s of tl, c invention 
in genera,, rho fa, targeting moie[ies of „ • 

:: T; c t sroup at u,dr ^ -~ « - • 

v„ a ,u„ , 10 „ al group ln . reactjve cen[er Qf a p| . otease S 

*e -a,, protease, i, is mean, a. *. R' forms . covaien[ bond wift , ^ ° f 

Sroup ,ha, is , ocal ed in the active site. R' reactive grouos tha, k 

«■» inve„,ion inciude the reactive groups referr d ! " 

"Protease in h,W, issued to BaLl J Ti 4 * 935,493 - 

c-csenbed ,„ the detaiied description of the invention and i„ „,e ExampI - 
Phospnonate and fl uoroa lk v lk etone groups are described beiow In g " 
P-rred that the h„ ka gc bCcen the carboxy, terminus of the tar " ^ 
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the reactive group be in an L configuration. It is preferred that the reactive group 
forms a covalent band with a liinctional group in the active site; however, there is 
no requirement for covalent bond formation in order to form a complex between the 
binding moiety and the active site. 
5 The reactive groups of the invention that are phosphonate groups have 

the formula: 

O 

I 

-C-CF 2 -G 

10 where G is either H, F or an alkyl group containing 1 to about 20 carbon atoms and 
optional heteroatoms which can be N, S, or O. Additional exemplary proline 
phosphonate derivatives which contain a perfluoroalkyl group, a phenyl group or a 
substituted phenyl group and which can be used in accordance with the methods of 
the invention are those described in U. S. 5,543,396 (Powers '396). 

15 As used herein, the reactive groups of the invention that are 

fluoroalkylketone reactive groups have the formula: 

O 
I 

-P-J 

20 | 

J-0 

where each J, independently, is O-alkyl, N-alkyI, or alkyl (each containing about 1- 
- - ._20_carbx>n_atoms)jmd,j>i^ or O. Other 

ketoamides, kctoacids and kctocstcrs that arc useful reactive groups for reacting 
25 with the reactive center of a protease (e.g., a serine protease or a cysteine protease) 
are described in PCT/US9 1/09801, "Peptides, Ketoamides, Ketoacids, and 
Ketocsters", Applicant: Georgia Tech Research Corp. ("GA Tech") which claims 
priority to U.S. 635,287, filed Dec. 28, 1990. 

In certain embodiments, the reactive groups arc selected from' the groups 
30' having the formulas, 
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0 o 



G - C - NH 2 , an alphaketo amide; 
0 0 



I I 

nnrf , u . " C ' C ' OR ' WhereRisa nalkyl )0 raiyJgroup 
and may be substituted or unsubstituted, an alphaketo ester; and 



0 0 



- C - C - OH, an alphaketo acid. 

The revive groups of the invention also inciude the reactive groups 

d S cr,he dl „PCT/GB94/02 6I 5,-. D P,V-Seri„cProtease I „hi bi tors.. (F erl s) 
These , de the above . no(ed boronyJ ^ ^ ^ ^ 

and U,e foi.ow.ng reacitve groups, a„ y of which m a y be substituted or unsubstituted 
P— that the substitution does not adverse,, affect the function, activij ^ 
~ group or the binding „,oie, y to which i, is attached: CN. CC, CHO and 
CH-NPh, where, Ph refers to phe„ y ,. These e X a„,p,es are mustrative on,y and are 

ontatntng these representative reactive groups can be prepared by an adaptation of 

. (.»„ and b, w.W. Bachovchin et a,., , Bio,. Che,, 2 _ 
(See, a,so, the above-referenced Bachovehin United States patents. 
The second targeting moiety, P» binds l0 a moiecu , e 

Preferab,,, the second targeting moiety binds ,0 a moiecuie (e.g., a receptor a ' 
«.s^ 

of a T ee„ or on the surface of a B cei, ,n certain embodiments, the second 
Urgefng moiety has a structure which mi mics the substrale 
protease that is present on a celi that is involved in imm ,,n, ^ 
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Thus, the second targeting moiety may be the same as the first targeting moiety, and 
the compounds of the invention are useful for crosslinking proteases that have the 
same or a similar substrate specificity on the same or different cells. For example, 
the compounds of the invention can be used to crosslink a first protease (e.g., a 
5 post-prolyl cleaving enzyme) on a first cell and a different protease (e.g., a trypsin, 
chymotrypsin, elastase or other serine protease or cysteine protease) that is 
expressed on the surface of the same or on a different second cell. In certain 
preferred embodiments, the first and second targeting moieties are identical (i.e., 
P 2 =P ! ) and the second reactive group R 2 may be absent (i.e., m=0), the same or 

10 different from the first reactive group R 1 (i.e., R 1 * R 2 ). Compounds which include 
identical P 1 and P 2 groups and identical R 1 and R 1 groups are referred to as 
"homodimers". In yet other embodiments, the first and second targeting moieties 
are different and these compounds are referred to as "heterodimers". 

* - In ycl other embodiments, the second targeting moiety is an antigen that 

15 selectively binds to an MHC molecule on the surface of an antigen presenting cell. 
Such embodiments of the invention are useful as vaccines for inducing an immune 
system response to the antigen. In particular, such compounds are useful for 
inducing an immune system response to antigens that exhibit relatively low 
immunogenicity using conventional vaccine preparations. Accordingly, the 

20 invention also provides for an improved vaccine and related methods for inducing 
an immune response to an antigen. Examples of antigens arc antigens characteristic 
of pathogens, cancer antigens, and allergens. ~ ~ 

Antigens that arc characteristic of autoimmune disease typically will be 
derived from the cell surface, cytoplasm, nucleus, mitochondria and the like of 

25 mammalian tissues. Examples include antigens characteristic of uveitis (e.g. S 
antigen), diabetes mellitus, multiple sclerosis, systemic lupus erythematosus, 
Hashimoto's thyroiditis, myasthenia gravis, primary myxoedema, thyrotoxicosis, 
rheumatoid arthritis, pernicious anemia, Addison's disease, scleroderma, 
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^"atrophic M premature menopause ^ 
(few .ses), JuveniIe diabetcs , Goodpas[urrt syndromc _ 

> crrnosis (few cases), u,cera t ive colilis , sjogre , s syndrom ^ 

. « mat osis, poiy/.erma^osi.is, Md discoid , upus ayamm J a 
Additional examples are provided below 

■o ^ ^ combinmg wilh . protein r::~r ihat ,nducc 

Pijac^ca, Science,). A1I e rg e n s in c lude amisens derived ftom 

nio- * spores, dand er, insec* and &ods . Specific cxampks * j£ 

po,o„ ,v y , poiS o„ „ ak a„ d poison sumac , and lh= scsqui , 

Aniens tha, are characeristic of lum0 r amigcns , ypical , y wi „ be 

pioleins encoded by mutated oncoccnes-vinlnm, • • 

uuwjgcncs, viral proteins associated with tumnrv ™h 

~ ns and slycolipid , Tumors incluaci bm n -~ 

U- «o M „ s s.es of cancer a„ d types of cancer , ip , ^ ^ ^ 
orai cav lty , esop hagU s, s,o ma c h , colon , ^ „ ^ ~ 
Panels, larynx> Iungand bronchu5 _ me]anoma J '-. 

ova.. kidn e y , brain Md 0Ulcrpans of (he _ — 

. ieuUm a . V,ra, pro,e,ns ^oca.ed w ith tumors would be lhose ; 
classes of v.ruses noted above. Am ig e„s ch^c.eris.ic of tum0 rs nnv be ■ 

no. usu ally pressed b y a t u„,or precursor cc„ or , mv bc " ™ 

i v/* ^u y or may be a nrntfMn wMm. ;„ 
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normally expressed in a tumor precursor cell, but having a mutation characteristic 
of a tumor. An antigen characteristic of a tumor may be a mutant variant of the 
normal protein having an altered activity or subcellular distribution. Mutations of 
genes giving rise to tumor antigens, in addition to those specified above, may be in 
5 the coding region, 5' or 3' noncoding regions, or introns of a gene, and may be the 
result of point mutations, framcshifts, deletions, additions, duplications, 
chromosomal rearrangements and the like. One of ordinary skill in the art is 
familiar with the broad variety of alterations to normal gene structure and 
expression which gives rise to tumor antigens. Specific examples of tumor antigens 

io include: proteins such as Ig-idiotype of B cell lymphoma, mutant cyclin-dependent 
kinase 4 of melanoma, Pmel-17 (gplOO) of melanoma, MART-1 (Melan-A) of 
melanoma, p 1 5 protein of melanoma, tyrosinase of melanoma, MAGE 1 , 2 and 3 of 
melanoma, thyroid medullary, small cell lung cancer, colon and/or bronchial 
squamous* cell cancer, BAGE of bladder, melanoma, breast, and squamous cell 

15 carcinoma, gp75 of melanoma, oncofetal antigen of melanoma; carbohydrate/Iipids 
such as mucl mucin of breast, pancreas, and ovarian cancer, GM2 and GD2 
gangliosides of melanoma; oncogenes such as mutant p53 of carcinoma, mutant ras 
of colon cancer and HER-2//7CW proto-oncogene of breast carcinoma; viral products 
such as human papilloma virus proteins of squamous cell cancers of cervix and 

20 esophagus. It is also contemplated that proteinaceous tumor antigens may be 
presented by HLA molecules as specific peptides derived from the whole protein. 

MerafroTic^ 

art; for example see U.S. patent 5,342,774 (Boon et aL). 

Preferred tumor antigens of the invention include the Melonoma tumor 

25 antigens (e.g., MAGE protein family (MAGE-1, MAGE-2, MAGE-3); MART-1 
(peptide 27-35); and gplOO); and the Colon carcinoma antigens (e.g., peptides of 
the mutated APC gene product). Particularly preferred Melanoma tumor antigen 
sequences are those reported by Slingluff et al., in Curr. Opin. in Immunol. 6:733- 



10 
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740(1994): 
Gene/pro ^i^ 

MAGE-1 

5 MAGE-3 
Tyrosinase 

gplOO/pMel-17 
MART- 1 /Mel an-A A2 
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MHC 
Al 

Cwl601 
Al 
A2 

A24 
A2 



Peptide 

EADPTGHSY 

SAYGEPRKL 

EVDPIGHLY 

MLLAVLYCL 

YMNGTMSQV 

YLEPGPVTA 
LLDGTATLRL 
AAGIGILTV 
QDLTMKYQIF 



1 

2 
3 
4 
5 

6 
7 
8 

20 



15 



0 



The MAGE protein fa mily aIs0 rcportcdly has ^ ^ 
more tnat, one , yp e of earcinoma: MAGE-, (Melanoma, thyroid medu]la[y ^ 
~1 lung carcinoma), MAGE-2 (Melanoma, smaI , cdl lung> ^ 

rz •? r ,hyroid medu,w - — ^ m :z 

Mo T' " ^ ^ %r0id ~— * See 

.30, Mor,o k a, et a.., "A Decapeptide (G,n-A sp . L e U ,rh r -Me t - Ly , Ty , Gi J' 

from Human Melanoma Is Recognized bv m i„ m . 

i^.5650(1994),foraddit,onallumoranti g ens(e<! PIA r„ • ,, 
MAGF iwa»t, ,„ S " ' Connexln 37, MAGE-I, 

MAGC-3, MART ,/Aa, gp,00. T y ro 5 i„ase) a„d/ or information relating to the tissue 
distnbuuon of selected tumor antigens. 

APC gene produet are tnose reported Dy Townsend e, a,., i„ Nature 37l:662 



■Codnq 
298 
540- 
1068 

n n 



Mutation 
2bp del 
I bp del 
4 bp del 



NCW Scq nr-n^ 

SSST/LCTSICADKSSGNQGGNGVFIVVNAWYS 
SEDL/TAGYCKCFEEFVLASRCK 

EQRQ/GIKVQL1LFILRALMINTSSSNHIL 
DSRNVFLHTGHGEPMVQKQIEWVLIMEL1KM 



9 
10 
' 11 
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1398 I bp del DSFE/SVRLPAPFRVNHAVEW 13 

1420 lbp del IISP/VIFQIALDKPCHQAEVKHLHHLLK 

QLKPSEKYLKIKHLLLKRERVDLSKLQ 1 4 

1439 lbp del RSKT/LHHLLKQLKPSEKYLKIKHLL 15 

5 LKRERVDLSKLQ 

1446 lObp del PPQT/GEKYLKIKHLLLKRERVDLSKLQ 16 

1488 lbp del DADT/YYILPRKVLQMDFLVHPA 17 

1490 lbp del DTLL/LLP RKVLOMDFL VHPA 18 

1493 1 lbp del LHFA/SRWIFLFIQPECSEPR 19 



10 In alternative embodiments, the second targeting moiety is a ligand that 

selectively binds to a receptor that is expressed on the surface of a cell (preferably 
a T cell or a B cell). Exemplary receptors which have naturally occurring ligands 
that can be mimicked by the second targeting moieties of the invention include 
receptors selected from the following group: CD2, TCR/C3, CD4, CDS, CD10, 

15 CD26, CD28, CD40, CD44, CD45, B7.1 and B7.2. According to yet other 

embodiments, the second targeting moiety is an antibody or antibody fragment that 
selectively binds to an epitope expressed on the cell surface. The epitope can be a 
portion of any of the foregoing receptors. 

Regardless of the nature of the second targeting moiety target (e.g., 

20 protease, receptor, MHC complex, epitope), phage display and other types of 
combinatorial libraries can be screened in a manner analogous to that described 
above to identify non-naturally occurring targeting moieties that are useful in 
forming the compounds of the invention. 

T^iere is-no-requiremenUhaUh 

25 attached to a second reactive group. For example, the second targeting moiety may 
have sufficient affinity for its binding partner (e.g., an MHC molecule) to permit 
cross linking between the same or different target molecules on the same or 
different cells without forming a covalent complex between the second targeting 
moiety and its targeted binding partner. There also is no requirement that the 

30 second reactive group be the same as the first reactive group. Thus, for example, 
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the expounds of the invention embrace molecules tha, inciude a fa, binding 

"7 Whi ° h ^ * fc ' R' that is a boronate and a second 

b.ndmg moiety which contains a second reactive group that is a boronate a 
phosphorate or a trifluoroalkylketone group. 

5 A ^ b — ^ -Pled to the fa, ^ second targeting moieties, 

P and , , m a manner tha, does not adverse!, affect the ability of these moieties to 
b.nd to U,e,r respective targeted binding partner, Exemplary linkers, including a 
csc„pt,on of , inker composition, si 2 e, and procedures for coupiing the ,i nk e r o the 
r S e, ms mo.et.es are described in the detaiied description of me invention and in 
he Examples. :„ genera,, such linkers are commercial available and are coupled 

the targefng moieties using convention* coupiing procedures which are wei, 
known to those of ordinary skill in the art. 

■ Certain aspects and uses of the invention are based on the discovery that 

c nam homodimers are capable of stimulating T cells and tha, this stimulatory 
abthty ,, at least in part, dependent upon the length of the linker. In addition 
Applicant has discovered that there exists a iength between binding moieties ('about 
2 angstroms) below which ^ 

, ™ S abm,y ° f a " y ^ ° f <™odimer &r cro S s,i„ ki „g DP , y protMses tQ 
sUmulatc T cells is unexpected in view of published reports that such DP IV 
homodimers exhibit a T cel. inhibitory activity. (See, e.g., PCT/GB94/026.5 "DP- 
I V-Serme Protease Inhibitors", Applicant Ferring V.V. ("Perring", a „d the US 
Patent application which Cairns priority to Ferring,. Ferring describcs ^ ' 
symmetric homodimers containing two acUve-si.c directed inhibitors of DP-IV 

new use for *e homodimcr DP,V inhibitors disclosed in Ferring, namely Ju^ 
of the Femng homodimers for stimulating T cells in a patient in need of such 
treatment. 

Certain concentrations of the homodimers of the invention have been 
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found to stimulate blood cells. Thus, compounds of the invention are particularly 
useful for treating HIV+ patients, for example, by contacting the T cells obtained 
from an HIV+ patient with a therapeutically effective amount of one or more 
compounds of the invention under conditions that permit blood cell activation. The 

5 stimulatory effect on T-cells of these compounds at stimulating concentrations is 
illustrated in the accompanying Examples. The cells can be contacted with the 
crossl inking compounds in vivo or ex vivo. This stimulator)' property of the 
homodimer compounds of the invention is unexpected and could not have been 
predicted based upon the reported inhibitory effect on the immune system of certain 

10 monomers (e.g., the compounds disclosed in Bachovchin '493) and certain 
homodimers (e.g., PCT/GB94/02615, "DP-IV-Serine Protease Inhibitors", 
Applicant Ferring V.V. ("Ferring"). 

The compounds of the invention can be used to inhibit the enzymatic 
activity of the proteases to which the targeting moieties selectively bind. Thus, the 

1 5 compounds of the invention are useful for inhibiting post-prolyl cleaving enzymes, 
as well as for inhibiting other serine and cysteine proteases (e.g., chymotrypsin, 

trypsin, and elastase). 

According to another aspect of the invention, methods are provided for 
modulating immune system function. The compounds of the invention arc 

20 administered to subjects in need of immune system modulation in amounts effective 
to modulate immune system function. Modulation of immune system function 

includes; but is not-Iimited-tOrinereasing-imniune-function-such-as-by_stimulating_ 

proliferation and specific immune function of blood cells nonspecifically or by 
specifically stimulating T and/or B cells and/or bone marrow cells, stem cells, early 

25 lineage progenitor cells to produce a prophylactic or therapeutic result relating to 
infectious disease, cancer, and the like. Specifically included is the use of the 
compounds of the invention, and in particular, homodimers and/or heterodimers for 
the treatment of disorders characterized by reduced T cell levels in vivo, e.g., HIV 
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and other borders associated with a compromised immune system. ModuIatjon „ f 
nnmune system &nction ^ ^ bu[ ;s no( [o> d 

funct,„„ such as by suppressing gen era.ly ^ immune ^ jn 
rectp.ents „ suppressingspccificaiiy toe immune svstom to trcat amQ ._ 
S dtsease.ailer^dtoehke. ^ one im p onan[ embodimen( ^ 

helerodtmers of the invention are used ,o striate blood cei, proliferation as 
described in detai, below. Specific conditions that may be treated according to the 
-nvcnhon are deemed specific independent aspects of toe invention and are 
described in detail in the tables and examples below. 

According ,„ y et another aspect of the invention, a method for 
sumulating T cells is provided. A crosslink compound of the invention is 
contacted with the T ceUs of a subject in need of such treatment in an amount 
c ^cttve to stimulate T ceils. The crosslink^ eo mpou „ d s that are particular* 
"seiu, fo,sttmu.a,i„g T cells are those compounds which crosslink DP IV 
. .noiecuies as described above, i„e,udin g toe preferred cross,i„ki» g compounds. As 
~W above, toe preferred crosslink, compounds include a linker, L which when 
postttoned between binding moieties rcsu.ts in a m : n,,,m ie„ g ,h of about 20 
an g stroms between these moieties. Preferably toe distance between binding 
nicies is from 20 to 60 angstroms, more preferab, y from 30 to 50 angstroms 
According to st,,I another aspect of the invention, pharmaceutical ' 
preparations arc provided. Tic pharmaceutical preparations contain a crosslink 
con : pou„dasdeseribedaboveand,op,ional, y ,apharmaeeutic^ 
earner. Preferably toe pharmaceutical compositions are sterile. The ,e™ 
>harmaceutical, y -accep.b,c carrier" as used herein means one or more compatib.e 
-ltd or houtd filier, diluents or encapsulating substances which are suitable for 
admrntstration into a human or other animal. The term -carrier" denotes an organic ' 
or morgamc mgredicn, natural or synthetic, with which toe active ingredient is 
combtned to facilitate the application. The compor :n,s of the oharmn, 
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compositions also are capable of being co-mingled with the molecules of the 
present invention, and with each other, in a manner such that there is no interaction 
which would substantially impair the desired pharmaceutical efficacy. 

According to yet another aspect of the invention, a hetero bivalent 
compound, having the structure as shown in Fig. 1 A, wherein each component of 
the structure is as defined in Example 2 in reference to this figure, is provided. 

An embodiment of this compound is wherein the structures shown in 
Fig. 1U and Fig. IV represent, independently, a binding moiety, wherein R 
represents the remainder of the molecule. 

By definition, the linker molecule must be capable of linking atom Al of 
the binding moiety on the left of Fig. 1 A to atom A5 of the binding moiety on the 
right of Fig. 1A. 

Other embodiments of this compound include: there are 4 atoms 
positioned between the group consisting of Dl and D2 and B of the binding moiety; 
the binding moiety is in an L-configuration; Yl, Y2, Y3, and Y4 are hydroxyl 
groups; the A4 bonded to the B is in the L-configuration and the A5 bonded to the 
B is in the L-configuration; the binding moiety is an L-amino acid residue 
conjugated to B, a boron molecule; the binding moiety is selected from the group 
consisting of L-Lys-L-boroPro and a derivative of L-Lys-L-boroPro. 

Another embodiment of this compound is wherein the linker molecule 
contains a functional group selected from the group consisting of a carboxylate 
^oup7Wamino~ group; asulfhydrylgroupran^ 

carbon atom double bonded to another carbon atom), an acyl halogen group, e.g., an 
acylchloride, and CH 2 X, wherein X represents a halogen (c.g, the two binding 
moieties are linked when a nuclcophilic group displaces the halogen from the 
functional group of the CH 2 X linker molecule); wherein the linker molecule is 
further defined as having the structure as shown in Fig. IT and wherein [G] 
contains atoms selected from the group consisting of a carbon, nitrogen, oxygen, 
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■0**- and a suifnr a[om; (JJ „ sdec(ed from ^ ^ ^ 

, chain of carbon a[omS; a chajn Qf nUrogcn a(oms _ ^ a J 

a.o ns; a., d m , P> and , t „ an integer &om , [o y S » 

rCS,<,UCS SdCCted *» ' hC ^ online, cysteine, glutamic acid 

aspart, acid, histidine, ar g inine, glutanline; and ^ ^ 

-.dues selected from ,„e ^ consisting rf ^ ^ ^ 
asparttc acid, histidine, arginine, glutamine> and ^ ^ " 

moiccuie preferably is S e,ected from the Sroup consist ,, 8 of 
■0 (ad,p,c acd), EOS, ,,4. d iaminobu,anc, ,.4-di.„i„ b u,ane, 

cysteine, Sarnie aeid, aspartic aeid, histidine, arginine, glutami „ e , and . 
w c re ,„ the li„ k er molecule preferably contains . leasl [wo ^ ~ 
b.nd, ng motcucs C0Wain glutamic acjd raidues; w|Krdn ^ jini(cr . 

preferabiy contains a, least two amino group. when the binding moicties ^ 

u,*y .y, groups when the bindi ng moieties conlai „ ^ 
-he imkcr molecuie length ranges- f r „n, about 30 A co ^ I0Q ^ - - 

Another aspect of this invention is a compound having the structure as 

Al, A2, A3, and M ln 5oth binding mo ,. cfei Md whcrejn 

structure ,s defined in Example 2 in reference to this figure. 

An embodiment of the compound where only AI, A2, A3, and A4 
appear m both binding moieties, is the structures shown in Hg. 1 „ a „d Kg , y 
winch represent, independent^, a binding moiety, wherein R represents the 
remainder of the molecule. 

Another as pectof this invention is . compound having the structure as ' 
nown ■„ f, g . 2A , whcrein ead] componem of siruciure k - as 

4 in reference to this Figure. - sample 
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An embodiment of this compound includes the structures shown in Figs. 
1U and IV which represent, independently, a binding moiety, wherein R represents 
the remainder of the molecule. 

Other embodiments of this compound include: there are 4 atoms 
5 positioned between D and B of the binding moiety; the binding moiety is in an L- 
configuralion; Yl and Y2 are hydroxyl groups; the A4 bonded to the B is in the re- 
configuration; the binding moiety is an L-amino acid residue conjugated to B, a 
boron molecule; and the binding moiety is selected from the group consisting of L- 
Lys-L-boroPro and a derivative of L-Lys-L-boroPro. 

io Additional embodiments of this compound is the linker molecule which 

includes: a functional group selected from the group consisting of a carboxylate 
group, an amino group, a sulfhydryl group, an imidazole group, an alkene group, an 
acyl halogen group, and CH 2 X, wherein X represents a halogen; the linker molecule 
which is 'further defined as having the structure shown in Fig. IT, wherein [G] 

15 contains atoms selected from the group consisting of a carbon, nitrogen, oxygen, 
hydrogen and a sulfur atom; [J] is selected from the group consisting of a CH 2 
molecule, a chain of carbon atoms, a chain of nitrogen atoms, and a chain of oxygen 
atoms; and m, p, and q represent an integer from 1 to 50, inclusive; wherein [G] 
preferably is an R group selected from the group consisting of L-amino acid 

20 residues selected from the group consisting of lysine, cysteine, glutamic acid, 
aspartic acid, histidine, arginine, glutamine, and asparagine and D-amino acid 

r esidues s elected from thejgroup consisting of lysine, cysteine, glutamic acid, 

aspartic acid, histidine, arginine, glutamine, and asparagine; wherein the linker 
molecule preferably is selected from the group consisting of adipic acid, between 2 

25 and 15 consecutive amino acid residues, 1,4-diaminobutanc, 1,4-dithiobutane, and 
dithiothreitol; and wherein the linker molecule span ranges from about 30 A to 
about 100 A. 

Yet another embodiment of this compound is peptides ranging from 
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about 7 to 25 amino acids; whcrein ^ ^ 

pro t co Ilpld . protcinpeptidc;b) Mothcy t ochromeCpept ide; c) tetanus t0X i„ 

-gemc Peptides, and g) an,i g e„ic pcpt;dcs „ f * 

*» lh e group consistin g of PLPpeptide from ^ ^ ^ J 

parttcuiar, 95-„ 6 , and PLP peptide 105-,24, PLP peptide ,39-rSI andPLP, ,„ 

lumor anugenic peptides and antigenic peptides of infm - 

elsewhere in to e app.ica.ien. ' mfeC "° US ^ « <" d 

Anofter embodiment of this compound is where the naturaiiy occurrins 
receptor s a B eei, or T eeii surface receptor; and me ceii surface recept J 

coT coT ™ r ° UP COnSiS "' n8 ° f TCR/C3 ' C ° 2 ' CD4 ' CDS > c ™. 

CD28, CD44, CD45, CD40, G7.1 and B7.2. 

^nother-pectc^entio. ._ 

txamplc 3 in reference to this Figure. 

£ emb ° di — -Pound includes the structures as shown in 

r* 1 U an Fi fi . , V which represent, independent,,, . binding ^ wh J£ 
represents the remainder of the molecule. 

Another embodiment of the compound shown in Fin 1 R • , • 
ffil fc iU nc .-A i • £ * IR ls wherein fa) 

(G]„, is the side chain of a D- or L-isomcr of lysine cysteine , , • 

cysteine, g ,utamic acid, aspartic acid, histidine, arginine, gJjTL ' 
a™ (c, El and E3 are seiccted from g ro„p consistin I „ Z T 
m o,e,y and a carbolic acid „ roi cty ; and (d) E1 and E3 are ^ ^ 
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other. 

Yet another embodiment of the compound shown in Fig. 1R is wherein 
(a) [GJ m is the side chain of a D- or L- isomer of lysine, cysteine, glutamic acid, 
aspartic acid, histidine, arginine, glutamine, and asparagine; (b) E2 is selected from 
5 the group consisting of 2-carboxybutyl, 2-carboxypropyl, 2-aminobutyl, 2- 

aminopropyl, and a hydrocarbon chain with an amino or carboxy side chain; (c) [J] p 
and [I] q represent, independently, hydrocarbon chains; (d) El and E3 are selected 
from the group consisting of an amino moiety and a carboxylic acid moiety; and (e) 
El and E3 are distinct from each other. 

io The compounds of the invention, in particular the homodimeric 

complexes, can be used to stimulate activation or proliferation of human CD26- 
bearing lymphocytes, by contacting the lymphocytes with a proliferation or 
activation-inducing concentration of the compound. 

* - The method preferably involves in vivo administration of the compound, 

15 admixed with a pharmaceutical ly acceptable carrier such as pharmaceutical, sterile 
saline. The patient can be any patient who suffers from a disease state 
characterized by inadequate lymphocyte activation or concentration. Examples of 
such diseases are HIV infection, kidney failure, cancer (in particular, cancer 
accompanied by lymphocyte-depleting chemotherapy), and bone marrow disorders 

20 which result in depleted lymphocyte populations in the patient. The compound is 
preferably administered to the patient orally. The compounds can also be used to 
ITtinwlal^j^oIif^ 

autologous lymphocytes are removed, stimulated to increase activation and/or 
number of lymphocytes, and reinfuscd into the patient. This method can be used, 
25 for example, to increase the number of cytolytic T cells specific for a patient's 
tumor or T cells in HIV infected patients. 

As used herein, crosslinking compound means the compounds described 
above as well as salts thereof. 
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These and otheraspects of the invention wil, be described in greater 

detail below. 

idenrr rf ■ A ! PatenlS ' Pa ' em aPP ' iCati0nS - referenCeS °' her d ~* *at are 
■denttfied ,„ th ls paten, appiication are incorporated in their entirety herein by 
5 reference. * 

Definitions 

By "amino acid" is meant to include imino acid 

bonded to ^ " " " alPha ' amin ° b0r ° niC 3Cid 

bonded to an ammo ac:d to form a dipeptide with boroPro as the C-terminal 

-o ^due. "BoroPro" is used to designate such an analog having the carboxyl g, oup 
ofprohne replaced with a B(OH) 2 group, where (OH) 2 represents two hydl yl 
groups and B represents boron. 

By Xaa is meant any amino acid residue, e.g., a lysine residue 
• Also, for this invention, "[Lysine-boroProline]V and "KbP-S-KbP 
> where S represents a linker space.- are used intercity. "Di.neric KbP with 
ad. P " ac.d as the spacer linker," W-Lysine-L.boroPro,i„e)adipa.e," and "KbP - 

Adtpate" are used interchangeably. Dimeric and hiv,l„ , ™JtbP 2 - 
. t. V- mmertc and bi valent are used inlerp.h.» nsgabl .. 

Lmker-spacer molecule, cross-linker, cross-linker molecule, linker 
molecule and linker group are used interchangeably. 

By "agonist" is mean, a molecule or compound which activates the 
signaling pathway in question. 

By "antagonist" is mean, . molecuIc of ^ ^ ^ ^ 
signaling pathway in question. 

-CD26 iigand" is any protein, glycoprotein, lipoprotein or polypeptide 

■ CD26, Dipeptidyl Peptidase IV (DP IV) and dipeptidyi aminopeptidase 
IV are used ,„,c„„a„ S cab,y. CD26 is a postpone cleaving enzyme with a 
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specificity for removing Xaa-Pro (where Xaa represents any amino acid) dipeptides 
from the amino terminus of polypeptides. 

"CD26-specific binding species" means a CD26-spccific antibody, 
fragment or small molecular weight compound that binds to CD26. 
5 "Tethered or coupled a-amino acid" is an a-amino acid with a carbon 

atom of its side chain tethered, linked or coupled to the N atom of the a-amino 
group. 

By alpha-carbon of an amino acid is the one to which the carboxylic acid 
group is attached. 

10 By alpha-amino acids is where the amino group is attached to the alpha- 

carbon. All naturally occurring amino acids arc alpha-amino acids or alpha-imino, 
which means that the amino and carboxylic acid groups are both attached to the 
• same carbon atom. Each amino acid can be thought of as a single carbon atom (the 
alpha carbon, C) to which there is attached one carboxyl group, one amino group, a 

1 5 side chain denoted R as shown below and a hydrogen. 



20 



H OH 



H,N - C - C = 0 



R 



Wherein: "R" is a side chain; "NH 2 " is the alpha amino group; the first carbon (C) 
attached to the NH 2 group having a hydrogen (H) and an R group attached is the 
alpha carbon; and the carbon double bonded to an oxygen and a hydroxyl group 
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(OH) is the alpha carboxyl group. 

The NH 2 and COOH groups are used to connect amino acids to one 
another. The hydroxy! group (OH) of one amino acid on the carboxyl end and the 
y rogen (H) on the N terminus are removed (H 2 0) when two amino acids are 

3 ^together. ^ form a protein, the amino group of one amino acid reacts with 
he carboxyl group of another by the elimination of water; the resulting chemical 
bond is called a peptide bond. 

By "peptides" is meant a small molecule, e- usuallv r„„, • ■ , 

H, - ' usuai 'y containinc less 

'0 dimensional structure. 

ByAor«Anstrom»ismeant 10"°M. The relative bond size used in 
different peptides is as follows: N-H- loA-CH- 

1 9 A. m m , , • . ' °' H - 1 • 1 A ' C dou We bonded to 0: 

I. 2A.N-CO: 1.3A;C-0: 1.4A-C-C- isA-ai '■ 

A ' ^ L ' 1 ' 5 A > Alanine: 6 A; Benzene: 6 A- 
water: 4 A; and Phenylalanine: 7 A. 

Pharmaceutical preparations and modes of administration are described 

folFo . -° lh ^^ 

following detailed description, and from the claims. 



herein. 



lgS 



Brief Description of the Drawing 

Dre r rf , F,SS ' 1A "' V d, ' agramS Sh ° WinS " ,C ~es of several 

preferred h„ m „ bivalent mi _, liva , enl ^ 

components needed for these structures: 

bind' ^ ' A ' ^ ^ Se " Cral biVi,ICn ' ,emph '= Wi <" "on-identica, 
binding moieties. 

Fig. IB is a diagram of a general homobivalcm template. 

Fig. 1C is a diagram of a general bivalent template with amino iinka.es 
using a dicarbonyl linker. "nkages 
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Fig. ID is a diagram of a bivalent example with amino linkages using an 
adipoyl linker. 

Fig. IE is a diagram of a homobivalent example with amino linkages 
using an adipoyl linker [(Lysine-boroPro) 2 Adipatej. 
5 Fig. IF is a diagram of another homobivalent example with amino 

linkages using an adipoyl linker. 

Fig. 1G is a diagram of a general bivalent template with a carboxyl 
linkage using a diamino linker. 

Fig. 1H is a diagram of a bivalent example with carboxyl linkages using 
10 a 1 ,4-Diaminobutane linker. 

Fig. II is a diagram of a bivalent example with carboxyl linkages using a 
1 ,4-Diaminobutane linker [(Aspartyl-boroProline) 2 l 3 4-Diaminobutane]. 

Fig. 1 J is a diagram of another bivalent example with carboxyl linkages 
using a 1 ,4-Diaminobutane linker. 
15 Fig. IK is a diagram of a general bivalent template with disulfide 

linkages using a dithiol linker. 

Fig. 1L is a diagram of a bivalent example with disulfide linkages using 
a 1,4-Dilhiobutanc linker. 

Fig. 1M is a diagram of another bivalent example with disulfide linkages 
20 using a 1 ,4-Dithiobutanc linker. 

Fig. IN is a diagram of another bivalent example with disulfide linkages 
using sfffifot^^ -- - - 

Fig. lO is a diagram of a general bivalent template with imidazole 
linkages using a dicarbonyl linker. 
25 Fig. IP is a diagram of another bivalent example with imidazole linkages 

using a dicarbonyl linker. 

Fig. 1Q is a diagram of a bivalent example with imidazole linkages 
using an adipoyl linker: (Histidinc-boroProIinc) 2 Adipate. 
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5 

A4. 
A8. 



.cmplate. ' R " 3 dia£ram ^ h ° m0fi,nCtiOnaI <— er 

Fig. IS » a diagram of a homotrimer ,. c examp|e using adiw) 
Fig. IT is a diagram of a linker molecule template. 
Fig. 1 U is a diagram of a binding moiety eo„tai ning A], A2, A3, and 

Fig. IV is a diagram of a binding moiety containing A5 , A6, A7, and 

Figs. 2A-2C are diagrams showing the genera, formula of several 
'» Preferred hcterobivalent compounds: or several 

Fig. 2A is a diagram of a general helcrobivalem template 

Fig. 2B is a diagram of a hcterobivalent example coupling a binding 
moiety to an MCC peptide (94- 1 03), g 

' Fig. 2C is a diagram of a hcterobivalent exnmni, „ ,- 
* moiety to a PLP peptide (139-151). ? ^ * ^ 

Fig. 3 is a diagram showing the synthesis of adipoyl (Lys-boroP^ 
homobivalcnt derivative of Lys-boroPra ^ * 

^4 is a graph SowingTd^e "iespo^e c^^^^." h " 
— tions of KbP 2 - A dipate on anti-CD3 mAb ^ 

Fig. 5 IS a graph showing a dose response eurve observed with . • , 

concentration is read as 1 0 X M. S 
Fig. 6 is a graph showing a dose response curve for a„ti-lF7 
F,g. 7 is a diagram sl.owins intcrinolcaHar reactions tha, may occur a, 
higher concentrations of KbP 2 -Adipate. 

Kg. 8 is a diagram showing Lys-boroPro linked to Myelin Protenr • , 
Protein (PLP) Peptide 139-151. Proteohpid 

Fig. 9 is a graph comparing the effects hc.erobiva.cn, couCed ™>.c. 
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MCC and uncoupled MCC 94-103 have on IL-2 production in 2B4 cells. 

Pig. 10 is a diagram showing the structures of the open and cyclized 
forms of Xaa-boroProline inhibitors. 

Figs. 1 1 A- 1 ID arc diagrams of different examples of bivalent 
5 compounds containing an olefin group. Fig. 1 ID is a fluoroolefin isostere of Xaa- 
boroProline. 

Fig. 12 is a graph illustrating the effect of (KbP) 2 -EGS at varying 
concentrations on IL-2 production by H9 cells. 

Fig. 13 is the structure of EGS, the spacer-linker molecule used in the 
10 homodimer (KbP) 2 -EGS used in the experiments of Fig. 12. 

Detailed Description 
Synthetic, low molecular weight, bivalent and multivalent crosslinking 
compounds with agonistic activity are designed and developed. To have agonist 
activity, the molecule needs to be able to induce the association of receptors of a 
15 specific class in a manner similar to that induced by its natural ligand. These 
agonistic molecules therefore need to be at least bidentate. Additionally, the 
individual binding units must be properly spaced for the desired association to 
occur. 

The homobivalent (homodimeric), homomultivalcnt and hclerobivalcnt 
20 (heterodimeric) compounds of this invention represent a new class of biological 

l^dulmofs~\vh^ 

T Cell Surface Receptors 

T cell surface receptors and their naturally occurring ligands arc used 
herein as examples to demonstrate how different homobivalent, homomultivalcnt, 
25 hetefomultivalent, and heterobivalent synthetic crosslinking compounds function; 
these examples are therefore not intended to limit the invention. The molecule, 
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Xaa-Wro, which has been showr. t o have high a ffinit y for me CD2(j T 



CD26 is a highly grated , ype two transmembrane protein 
as a ;m er with a subunit molecular weight of abom , , Q ^ ^ 
enco d , n lhe , luman , mouse and ra protejns been cioMd 

W « ^eptidy, P e P tida S c ,V (CD26) g e „ e cxpresslon , 
d, 8 sconce md chan8es Qf dipep(idy) peptjdasc iy - 

<^ 

i.B.oi.Che,,, 2o7 , 2200 . 2208 (I992); T . Tanakai c , 

expr<K S ,on of th e jr_c e aaclivati 0IM nti sen CD^6 "xr r 

fc ' J - ln 'muno . 149 481-486 noon 

irrr:r rs in JJ ™ 5o(5):2o9 ° ^ »»* - 

ml T a amk0 acid po,ypeplide (havins a moi — - i£ht of 

88,300) and the mouse cDNA encode, a 760 amino acid po, ypeptide (S7 JM 
» Secular weight). The sciences of lh c mouse. rat and J^Z 
98% homology. Most of the CD 2 6 molecule resides o^Uh^^i^" 
-bored to the eel, pJa sma membrane ^ . „ ^ ^ 
domam on the N terminus and only a small six- ,„ • ; 

™° UK cytoplasm. " " mm ° aC,d <*< P^eets 

A '»^^»P'-id cells, CD26 is Iound m:lil „ y on ' 
cells Where „ ,s believed ,o have imporlan , ^ jn .,. ^ «^ T 

secuon on CD2 C and T ccl, function below,. CD26 , alm „ ^ ' 
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fraction of CD8+ cells. CD26 has been shown to be identical with an enzyme 
known as dipeptidyl peptidase amino peptidase Type IV (DP IV, sometimes also 
abbreviated DPP IV or DAP IV). 

Enzymology of CD26: Active Site Structure and Inhibitor Design 
5 The catalytic activity thus far identified for CD26 associated DP IV 

protease activity involves the cleaving of a dipeptide unit from the free amino 
terminus of polypeptides and proteins. DP IV shows a strong preference for 
cleaving after a proline residue, i.e., a proline in the penultimate position from the 
amino terminus. A free amino terminus appears to be a requirement but the enzyme 

10 displays little preference for any particular amino acid in this position (J. Heins, et 
al., "Mechanism of proline-specific proteinases: (I) Substrate specificity of 
dipeptidyl peptidase IV from pig kidney and proline-specific endopeptidase from 
Flavobacterium meningosepticum," Biochimica Et Biophysica Acta 954, 161-169 
(1988))/ DP IV can be regarded as apostproline cleaving aminopeptidase with a 

15 specificity for removing N-tcrminal Xaa-Pro dipeptides where Xaa can be any 

amino acid. However, DP IV will also remove amino terminal Xaa-AIa dipeptides, 
although much less effectively. The enzyme docs, however, require that some 
amino acid be N terminal to proline because boroPro itself is not an effective 
inhibitor. The P2 residue is probably required only for presenting a free amino 

20 group in the appropriate geometrical arrangement with respect to the proline bond 
to be cleaved because the addition of a group to the P2 N terminus, such as Ac, 
CBZ, or Fmoc, abolishes the inhibitory potency (G.R. Flcntke, et al., "Inhibitionof 
dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro dipeptides and use of these 
inhibitors to examine the role of DP-IV in T-cell function," PNAS (USA) 88, 

25 1556-1559 (1991)). This indicates that the active site is constructed to recognize a 
proline residue at PI and a free amino group al P2. The P2 amino acid side chain is 
probably directed away from the enzyme and free in solution. PI refers' to the 
residue on the N-terminal side of the sessile bond. P2 refers to the residue on the 
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N-terminalsideofPl. 

CD26 nn<rr r cllI ; nnrrin r 

The work of Schon et al. was amone the fW • ,• 

o amvng tne hrst to implicate DP IV -,c 

■ _.,„.,. J^* 

(1987), E. Schon et al., "Dipeptidyl peptidase IV in human T lv m h 

Cf89)). Thn, work reported lh a, DP ,V inhibiuw and anli-DP J V „„, , 
^bodies suppressed Tc,,,ac,ivatio • , "" D1 'Vpoiyeiona, 

d,reci ^ * * - - » iv/cd26 ,•„ immu „ c : *- « 

Also, most of the evidence implicating CD26/DP rv „, ,„ ' 
proper T cell f„„,-,;„., .. • ^"°/ui iv as important to 

PI funcuon and unmune system regulation comes from studies of,, 

'fleets of various an,i-CD26 ,nAb s on T eel, fu„ clioils Bccausc ^ ■ 

the receptor, e.g., an agonistic effect, which ma v be, H- - • 

> »*wi may be a dimcnznf inn ^ 
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aggregation. If an antibody fails to correctly mimic the natural-ligand induced 
association, it will then often block the interaction with the natural ligand and 
therefore show an inhibitory or antagonistic activity. 

The anti-CD26 mAbs thus far identified have either activating, 
inhibitory, or both effects on various T cell responses. These results show that 
CD26 is an association-activated co-stimulatory T cell receptor. 

The role for CD26 as an association-activated, co-stimulatory molecule 
has been recently confirmed in experiments in which the gene for CD26 was 
transfected into Jurkat T cell lines (T. Tanaka, et al., "Cloning and functional 
expression of the T cell activation antigen CD26," published erratum appears in J. 
Immunol., 150(5):2090 (Mar 1993); J.Immunol. 149, 481-486 (1992)). 

The results indicated that mAb-mediated cross linking of CD26 on 
CD26+ Jurkat cell resulted in enhanced Ca 2+ mobilization and IL-2 production in 
response to anti-CD3 suboptimal stimulation in the presence of phorbol esters. 
Untransfected Jurkat cells do not express CD26 and do not produce IL-2 in 
significant amounts in response to anti-CD26 costimulation with suboptimal anti- 
CD3 treatment in the presence of phorbol esters. 
Mechanisms of CD26 Mediated .Signal Tra nsduction 

CD26 has only a short six amino acid cytoplasmic tail. This argues 
against signal transduction via the cytosolic domain as is often the case for other 
cell surface receptors. CD26 may participate in T cell signal transduction through 
two-hypothetieaI-mcchanisms:_ .(-l-)_through Jts association with L otocr molecules in; 
the membrane, and (2) through its DP IV protease activity. 

EXAMPLES 

Introduction 

Throughout this application and in particular, in each of the Examples 
and drawings, particular embodiments are described and illustrated. It is to be 



WO 98/00439 

PCT/US97/11279 



-38- 



set*——"- 

and Structurc Conccp[s jn O rsa ~^~^^^* d . 

Springer- Verlag, J984. 

1 • HomomulUvalem Compounds: General Structure 
i'iic homobivalem and homomuitiv a Jcni mm n n , w 
».uu ,u ... .. . . 11 COm P° unds taught herein can 
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binding moieties as shown in Fig. 1 A or with the general diagram for a 
homobivalent template as shown in Fig. IB. Thus, both sides of the chemical 
structure as shown in Figs. 1A and IB are binding moieties. Figs. 1C-1T are 
diagrams showing the structure of several preferred bivalent and multivalent 
5 compounds. Descriptions of the figures are provided above in the Brief Description 
of the Drawings. 

2. Heterobivalent Compounds: General Structure 

The heterobivalent and heteromultivalent compounds and agents taught 
herein may begin with the following general diagram as shown in Fig. 2A, the 
io general formula for a heterobivalent compound. Figs. 2A-2C are diagrams showing 
the general formula of several preferred heterobivalent compounds: Fig. 2A is a 
diagram of a general heterobivalent template; Fig. 2B is a diagram of a 
heterobivalent example coupling a binding moiety to an MCC peptide (94-103) 
using a compatible linker, e.g., an AAAAAA (SEQ ID NO: 21) linker group where 
15 A is L-alanine or D-alaninc; and Fig. 2C is a diagram of a heterobivalent example 
coupling a binding moiety to a PLP peptide (139-151) using a compatible linker, 
e.g., an AAAAAA linker group where A is L-alanine or D-alanine. 

For this invention, peptide, polypeptide, or fragment thereof, arc used 
interchangeably and is defined to include a chain of amino acids ranging from about 
20 3 to 50 residues, preferably from about 3 to 25 residues in length. More preferably, 
optimal size is on the order of about 10-18 amino acid residues in length. 

Known antigenicpeptides "for any c>f tfieTdllowing autoimmune diseases, 
infectious diseases, allergic diseases, or cancers listed below and elsewhere in this 
document (without limitation) could be coupled to a bivalent template (see Fig. 
25 2A), e.g., Xaa-boroPro, to form a heterobivalent compound (hetcrodimeric) 
molecule that could be used in this invention to treat that disease. Thus, once 
coupled or linked to the bivalent or multivalent template (sec Fig. 2A), these 
peptides form different heterobivalent compounds which can alter biological 
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activity (increased or reduced) as a result of 
bivalent interaction inducing the association of two 



receptors. 



AUTO IMMUNE DISEASES AND 



KNOWN 



ANTIGENIC PEPTIDES 




Addison's di 



sease 



hemolytic anemi; 



antiphospnolipid 
syndrome 



rheumatoid arthriti: 



herpetiformis 
dermatitis 



diabetes mellitus, 
insulin dependent 



adrenal specific 
antigen with a 

internal membrane 
protein and the 
integral red blood 
cell protein n,^ n 

epitopes on the 
fifth domain of 
beta 2-clvcoprotein 

^glycosylated 
aggrecar. peptide 
spanning the 
chondroitin 
sulphate dnn, Jin 



uif £ 5 assoc iation 

histocompatibility 
leukocyte antigens 
DH3, Do- W 2. and dpwi 



"The mapping of 
most of the genetic 
risk (or dislasl 
resistance) to 
specific alleles i n 
tne major 

histocompatibility 

r?? U u {KHC cl «s 

has direct 
functional 
implications for 
our understanding 
of autoimmunity i n 
diabetes and 
directly impli es 
that presentation 
of a li ke i y „ arr S w 
set of peptides i s 
critical to the 
development of 
autoim munity, 



Freeman, et ai., 




.(August 1, 199si 

Coodstone, et al 
Annals of the Rheunat 
Diseases, sS(i,?ft?X 

(January 1996) 



ic 



^11, 



et 



in n a1 -/ Seminai 

*n Dermatology 7 

10(3^240-245 



(September 1991 



) 



Karges, et al., 
Molecular Aspects of 
Medicine, 16(2) OQ.on 
(1995) °^;-79-213 
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AUTOTKHUNE 
DISEASE 



allergic 

encephalomyelitis 
(major animal model 
for human multiple 
sclerosis) 



AUTO ANTIGEN 



P^F^RSNCE 



proteolipid protein 
residues 139-151 



glomerulonephritis , 
IgA 



antibodies directed 
against endothelial 
cells 



Kuchroo, et al., 
Journal of Immunology, 
148(12) :3776-3782 (June 
15, 1992) 



Wang, et al. , 
Nephrology, Dialysis, 
Transplantation , 
7(e) :805-810 (1992) 



glomerulonephritis , 
membranous 



"Towards defining 
antigens in human 
membranous 
nephropathy" 



Brenchley, et al., 
Nephrology, Dialysis, 
Transolantation, 7 
Suocl* 1:21-24 (1992) 



Goodpasture ' s 
syndrome 



alpha 3 chain of 
type IV collagen 



Kalluri, et al., 
Journal of the American 
Society of Nephrology, 
6(4) :117B-1185 (October 
1995) 



Grave's disease 



thyroid stimulating 
hormone receptor 



Hullins, et al., 

Journal of Clinical 

Investigation, 

96(1) :30-37 (July 1996) 



Lambert-Eaton 
myasthenic syndrome 



N- and L-type 
calcium channels 



el Far, et al. , Journal 
of Neurochemistry , 
64(4) :16S6-1702 (April 
1995) 



lupus erythematosus , 
systematic 



multiple sclerosis 



myasthenia- gravis 



neuritis, 

exoerimental allergic 



small nuclear 
ribonucleoprotein 
C, residues 117-126 



the small heat- 
shock protein alpha 
B-crystallin 



James, et al. clinical 

& Experimental 

Rheumatology, 

13(0) :299-305 (May-June 

199S) 



van Noort, et al., 
Nature, 375 ( 6534 ): 798- 
801 (June 29, 1995) 



mus cle nic otinic 

acetylcholine 

receptor 



the homophilic cell 
adhesion molecule 
p0 glycoprotein, 
residues 56-71 and 
180-199 



Protti, et al., 
"Immunology-Todayy— - 
14(7) :363-368 (July 
1993) 



Linington, ct al., 
European Journal of 
Immunology, 22(7): 1813- 
1817 (July 1992) 



WO 98/00439 

PCT/US97/11279 

^2- 



DISHTAST! 



sympathetic 
ophthalmia 



pemphigoid, bull 



03 



pemphigus 



polyeadocrinooathie 3/ 



purpura, 

thrombocytopenic, 
J-axopathic 



Reiter's dis 



ease 



stiff-man syndrome 



MJTOANTTC2N 



autoantigen unknown 

immunosuppressive 
therapy effective 



an epidermal 
hemidesmosoraal 

?n^ protein named 
B?180 (human) and 
mBPlSO (mouse). i n 
the m3P18o 
ectodomain, an 
antigenic site 
comprised of 9-12 

r "f dues designated 
mapi is recognized 
PY pathogenic sera 

desmoglein 3 (DC) 
residues 190-204 



steroidogenic 
enzymes P4S0scc, 
P«0cl7, and 
P450c21 

platelet surface 
glycoproteins lb, 
"to, Ilia with 
molecular weights 
160, 135 83 kDa 
respectively, 

platelet unknown 
but antibiotic 
treatment is 
effective 



thyroiditis, 
autoimmune 



linear NH2-terminal 
epitope of glutamic 
acid decarboxylase 



65 



thyroid peroxidase 



xL"' ^ Journal of 

Immunology, 

155(H, :S449-54S4 

(December 1995) 



Wucherpfennig, et a] 
Proceedings of Ine ' 
Rational Academy of 
Sciences of the United 
States of America? 



Kokawa, et al . r 
-uropean Journal of 



Huges, et al c~ • 

in Arthritis Seminars 

(December 1994) 



Daw, e t alw Jo 

I^unology, 156(2, :8ief 
" (January i S/ lgg6j 



Ch«enbalk, et a i 
journal of Cli ni c a { 

f ligation, 31 
«<l):62-7< (July ig93) 
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TTTFECTTOUS PTS'EASES 1QTOT7K XNTTGEKXC TPSPTXPES 



TmreCTIOUS DISEASE 



KIV-1 and KTLV-1 



SKTIGEKXC PEPTIDE (S) 1 



REFERENCE 



Synthetic Peptide 
Imraunogens 



K&rt t et aL, 
Pharmaceutical 
Biotechnology, 
(1995) 



6:821-84S 



Kalaria 



SPF<66)n 



Lopez, et al., Vaccine, 
12(7) ;S85-591 (1994) 



Schistosomisis 



Triose-Phosphate 
Isomorase 



Reynolds, et al., 
Journal of Immunology, 
1S2{1) : 193-200 (January 
1, 1994) 



KIV-1 



Chemically Defined 
Synthetic Vaccine 



Toxoplasmosis 



Nardelli, et al., 
Journal of Immunology, 
143(3) :914-920 (February 
1, 1992) 



Toxoplasma Gondii P30 
Antigen 



Darcy, et al., Journal 
of Immunology, 
149 (11) :3636-3641 
(December 1, 1992) 



Malaria 



Epitopes of Cs and 
RESA Proteins 



Ritu, et al. , Vaccine, 
10(11) :761-765 (1992) * 



AI,I/ERGTC DISEASES A2TD KNOKK AUTIGENS 



AIXERGIC DISEASE 


ANTIGEN(S) 


REFERENCE . 


Cedar Allergy 


(Cry j 1) - 
derived peptide 


Ikagav/a, et al., Journal of 
Allergy & Clinical 
Immunology, 97(1 Pt l):S3-64 
(January 1996) 


Penicillin Allergy 


beta-lactam ring 


Brander, et al.. Journal of * 
Immunology, 155 ( 5 ): 2670-2678 : 
(September 1, 199S) \\ 


House Dust Kite 
Allercv 


Der p 2 allergen 


O'Brien, et al. , Immunology, j 
86(2) :176-182 (October 1995) 1 


Ragweed Allergy 


Amb a 5 and Amb 
t 5 allergens 


Greenstein, et al., Journal j 
of Immunology, 155 ( 10 ): 5064- 
5073 (November 15, 1995) |, 


- -Soybean-Allergy^ 


Alpha-subunit of 
beta-conglycinin " 


Ogawa, et al., Bioscience, i 
" B"i^te^linology~& — Biochemistry— j- 
59(5) :£31-833 (May 1995) i 


Bee Venom Allergy 


Phospholipase A2 


1 

Dudler, et al., European ■ 

Journal of Immunology, 

25(2) :538-542 (February 1995) j 


Rye Grass Allergy 


T cell epitopes 
cf the major 
fraction 


• 

Bungy, et al. , European ; 
Journal of Immunology, ' 
24(9):2098-2103 (September 
1994) 


Egg Allergy 


Epitope of 
Ovalbumin 


Shimojo, et al. , 
International Archives of 
Allergy £ Immunology, 
105(2) : 155-161 (October 1994) 1 


Dermatophaco ides 

Pteronyssinus 

Allergy 


Peptides of Der 
p 11 


Okana, et al., Allergy, 
49(6) :436-441 (July 1994) 
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Listed below are examples of different known peptides with k„„ 
(P) can oe coupied to Xaa-boroPro or coupled to ano^Z ^ 

HETE RQVIBALENT PEPTIDES 

C____ PEPTIDE I : 

SPECIFICFOR 

TCR*/CD3 



Colony Stimulating Factor Peptide 



Stem Cell Factor Peptide 



-IIV-1 GP 120 Peptide 
HIV-1 GP 120 

P2 Peptide of Tetanus Toxoid 
Multiple Sclerosis Peptide 
Peptide. Analog of Myelin Basic Pr otein 
Myelin Proteolipid Protein 



HIV-1 g P 120 



Tetanus Toxoid 



Stem Cell F actor (SCF) 
[Cytochrome c 



I Tct ' adcc ^ptide Epitope of Myelin Bn.in in 
f Colony-Stimulating Factor CCSn 
25 TCR: T cell Surface Receptor 



CD3 



TCR/CD3 
TCR/CD3 



CD4 



CD4 
TCR/CD3 



CD4 



TCR 



TCR 



SCF Receptor 



TCR 
TCR 
CSF- Receptor 
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3. Synthesis of H-boroPro and Xaa/Lys-boroPro 
Homobivalent, homomultivalcnt, heterobivalent, and hctcromultivalent 
compounds can begin with the synthesis of H-boroPro and LysboroPro as taught herein. 
Use of H-boroPro and Lys-boroPro are for example purposes only, and is not intended to 
5 limit the scope of this invention. Thus, Xaa/Lys-boroPro is an example of a molecule that 
can be used to form a binding moiety of a bivalent, homobivalent, homomultivalent, or 
heterobivalent compound as taught herein. 

Standard peptide coupling chemistry methods and procedures used in this 
invention are taught in the books identified at the beginning of this Example. In particular, 
10 H-boroPro was prepared by the synthetic route previously developed and described (G.R. 
Flentke, et al., "Inhibition of dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro 
dipeptides and use of these inhibitors to examine the role of DP-IV in T-cell function,". 
PNAS (U.S.A.) 88, 1556-1559 (1991); also described in United States Patent No. 
5,462,928): Alternatively, H-boroPro may be produced by a new procedure (Kelly, T.A., 
15 et al., "The efficient synthesis and simple resolution of a proline boronate ester suitable for 
enzyme inhibition studies " Tetrahedron 49, 1009-1016 (1993)). Both of these synthetic 
routes yield racemic H-boroPro pinanediol. 

Stereochcmically pure L, L and L, D diastereomcrs of Z-Lys-boroPro were 
prepared by first resolving racemic H-boroPro through crystallization with optically active 
20 blocking protecting groups ((IS, 2S, 3R, 5S)-+-pinanediol isomer) followed by coupling 
the isotopically pure L-boroPro and D-boroPro to the stereochcmically pure L isomer of 

lysine-(See-Un^ 

diastereomcrs of Lys-boroPro were prepared in high optical purity by coupling racemic H- 
boroPro by L-Lys and separating the resulting diastcrcomeric Z-Lys-boroPro-dicster into 
25 its component L,D and L,L diastereomers using reverse phase HPLC as previously 
described for diastereomeric Pro-boroPro (W.G. Gutheil and W.W. Bachovchin, 
"Separation of L-Pro-DL-boroPro into Its Component Diastereomers and Kinetic Analysis 
of Their Inhibition of Dipeptidyl Peptidase IV. A New Method for the Analysis of Slow, 
Tight-Binding Inhibition," Biochemistry 32, 8723-873 1 (1993)). Thus, there are several 
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rou.es through which to obtain any of ,he four possible stmoisomcrs oeLys _ bomPm 
However, on,y the DP IV inhibitory L,L isomer and the DP Iv non „,„, ^ 
were normaiiy prepared f or . as . COMro) b „. immuno , ogicai 

cither the L,L or the L,D isomer- of Lys-boroPro. 

Once prepared, these Xaa-boroPro compounds are coupiej to other Xaa- 

boroPro compounds, e.g., itseif, ,o form , homobivaient (homodimcric) or muitivaien, 
compound or eoupicd to a non-Xaa-boroPro peptide thereby forming , nclerobivaIcM 
(hcterodimenc) or multivalent compound. 



SYNTHESIS OF HOMOBI VALENTAN^^™™,,, . , 

AND ASSESSBSSriSv 0 " ^ 

associ « , HOra0biVaICM ' ' 0W W of inducing an 

,s tauo^between two CD26 receptors are taugh, in „„, Example . 

" sy* tc,,c crossing compounds have the properties normaiiy associated with an 

» ody, i.e., high affinity, and specify for CD26, and an abiiity to induce crossing 
^^^^^^^^ J 
or more of the homobivaient compounds, e.g.. immunoprecipitations 

The synthetic ligands, however, have some properties tha, make them 
commentary to a„,i-CD2o mAbs. These inciude: (0 their binding epitope is the DP IV 
active site; ffi, they exhibit cross-species specify; and (iii) thcy 
d ushng ,he spacing between the binding sites and the construction of chimeric or 
nctcrobidcntale structure. 



Compou^^ ° f H ° m0birak "' °"s and Heterobivaien, 

CD26 •„ T ° 7 dUCC n, °' CCUleS W " iCh ind " CC "* aSS ° Cia,i0 " betW - « surface 
Cmow,hano Ul erce 1 ,s„rfaceCD2 6 anda I sore,i nD p I vi„h ib ,o^ ac(ivity , aseri ; f 
dtfreren, homobivaicnt derivatives of Ly,boroPro wi„ be iinked via their JLT 
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Iinker spacer or linker group, using conventional peptide coupling methods (see Fig. 3). 
Fig. 3 is a diagram showing the synthesis of adipoyl (Lys-boroPro) 2 , a homobivalcnt 
derivative of Lys-boroPro. This linkage method included coupling benzyloxycarbonyl- 
lysine-boroPro-diester (Z-lys-boroPro-diester) to a linker molecule, e.g., adipic acid or 
hexanedioic acid (HOOC(CH 2 ) 4 COOH), The diester protecting group on the boronyl 
moiety can cither be pinacol or pinanediol. 

The general structure for this homobivalent (homodimeric) compound is 
shown in Fig. IB: 



Y1 



D1 " A1 - A2 - A3 - A4 - B 



/ 



Di - A1 - A2 - A3 - A4 - B 



Y2 



Y3 



Y4 



!0 wherein Dl , is independently selected from the group consisting of NH and NH 2 , wherein 
N represents any isotope of nitrogen, wherein H represents an isotope of hydrogen; 
independently, is selected from the group consisting of a single bond and a double bond; B 
represents, independently, any isotope of boron; Al is, independently, selected from a 
group consisting of a C, a CS moiety and an N, wherein C represents any isotope of 

1 5 carbon, wherein X represents any atom capable of forming a single bond with C; each A2,~ 
A3, and A4 are, independently, selected from a group consisting of a CX moiety, a CXZ 
moiety, a CZ moiety, an NX moiety, and an O, wherein X and Z, are, independently, 
selected from the group consisting of any atom capable of forming a single bond and any 
atom capable of forming a double bond with C or N and wherein O represents any isotope 

20 of oxygen; wherein each Yl, Y2, Y3, and Y4 are, independently, selected from the group 
consisting of a hydroxy] moiety and any reactive moiety that converts to a hydroxyl 
moiety under physiologic conditions; and L represents a linker molecule (i) having a 
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n.o 1 ecu 1 a r wci Bhtra n 8 in gb et We „aboutlOOda lt o„ S andabou t 2000da 1 to nS flDh • 

of phosphorous. isuliurandPh represents any isotope 

The structure as shown above need not be identical in * ♦ , 
general structure as sho^n in Fig. 1A: ' * ^ ^ 



\ 



£2 - *5 - 



V2 



Y3 
V4 



wherein Dl and D2, independently, are selected from the nroun , ■ ,• 
wherein N represents any isotope of nitrogen wherebHre ^ **** 

is .eieeted fem t Z p o ^ * 

.ndependenUy^tecdfromafiroupcon^tingof.c aCXm '. , „ ' 

5 single bond with C; each A2 A3 A4 Afi a 7 of forming a 

capable of forming a single bond and any atom capable off " 

arc, mdepcndeatly. selected from the group consisting of a hydroxy I ' ! !' 
reactive moiety that convert to a hydroxy] mofctv H „ ^ "» 

daitons and about 200 daitons, (ii) having a span r ab °'" '° 0 

of C O, N, S, and P h atoms, connected by s n^ J f b 

y s «glc bonds or by double bonds i„ a mann „ r 
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that does not violate the laws of chemistry and wherein S represents any isotope of sulfur 
and Ph represents any isotope of phosphorous. 

The coupling reaction can be achieved by any of several standard peptide 
coupling methodologies. For example, the Lys-boroPro homobivalent (homodimeric) 

5 derivative was prepared by reacting protected Lys-boroPro in anhydrous THF with the 
acid chloride form of adipic acid, i.e., adipoyl chloride, which is commercially available 
(Aldrich Co.). Following coupling, the N terminal Z protecting group was removed by 
catalytic hydrogenation. Deprotection of the boronyl group was achieved by 
transestcrification with phenyl boronic acid and extracted using a two phase, low pH water 

10 solution/organic solvent. 

II. Determination of Optimal Chemical Spacer Linkers 

To determine the optimal spacer linker segment or linker molecule for 
inducing the association of one cell surface CD26 with another cell surface CD26 receptor, 
a series of bivalent, dimcric Lys-boroPro derivatives with varying length spacer segments 
15 will be prepared (See discussion below on linker molecules). A wide assortment of 
dicarboxylic spacer linker molecules are commercially available. This includes linker 
molecules which have various internal heteroatoms and other functional groups, in 
addition to the terminal carboxylic groups, e.g., ethylene glycolbissuccinate ("EGS", 
shown in Fig. 13). 

20 For example, using EGS in place of adipic acid provides a bivalent compound 

with a spacer of about twice the length of the adipoyl moiety. Also, the internal 
heteroatoms confer improved water solubility over a straight chain hydrocarbon of similar 

length. " 

Fig. 13 gives the structure of EGS, which was used as the linker molecule 
25 joining two KbP monomers, to form (KbP) 2 EGS. The synthesis of this homodimer was 
carried out in a manner analogous to that described herein for KbP 2 adipatc, using 
appropriate modifications. EGS is commercially available from a variety of chemical 
supply companies. 

Both (KbP) 2 adipate and (KbP) 2 EGS were used in experiments with the T cell 
30 line H9 to determine their effects on activation (as measured by 11-2 production) and/or 
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proliferation. Some of to. experiments employed the homodimeric molecules a, co- 

**» other, known T ce„ stimuiatory fact0 „ sych „ ^ 
anttbody OKT3. The results of these experiments are shown in Fig s. 5 and ,2. 

Experimental Methods 

5 celis J" ?' ermine ^ effMt KWVAdiPa ' e °" anU " CD3 

ceils, e. E ., stunulahon of suppressing ,L-2 production, the Mowing protoeo, was used 

30, 60, or ,50 m,. After the preincubation, the ce„s were seeded into a 96 weii flat 
bottom plate pre-eoated with anti-CD3 monocional antibody OKT3 a. 1 000 5 000 

L 7 at 7, ,L ~ 2 ™ a,ion in " ,e H9 cdIs ^ *" »<™ 

U.= IL-2 dependent ee„ „„c HT2, Watson, J.D. "Continuous proiiferation of murine 
anugen specific helper T lymphocytes in culture," 1 979, feBa^ 

M^JSO^.O. HT2 prolifction was measured by counting 3H-thy mi di„e 

15 incorporation. 

Similar experiments were carried ou, with (KbP) 2 -EGS and the co-stimulatory 
am ' b0d3 ' ° KT3; °''"«c experiments a_re.sho.wn inSig, ft - 

IV - Results 

Figs. 4 and 5 arc graphs showing a dose response curve observed with 
concentrations of KbP,Adipa,e on an,i-C D 3 mAb stimulation of „9 cells, as manifested 

oy ll-2 production. 

The inventors predict tna, the observed stimulatory effect with higher KbP - 
Ad.patc concentrations was due to intermodular reactions between two different biva en, 
uncrtc molecules. „ is suggested mat intermoiccular reactions between two different 
b,va ent, dnncric mo.cculcs eould form via a B-N bond, with the amino group of one 
d.va.cn, mo,cc„,c binding ,0 a boron atom of a second diva,c„. moieeu.e. This process ' 
can continue ,0 form polymers of various lengths. At c qu i,ibrium after poiymerLio 
new bivaient compounds with Unlccr spans Erea ,cr ,ha„ ,wo times the size of tr, „„ J' 
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compound, as diagramed in Fig. 7, has lost a binding moiety from each dimer but now has 
a linker span of greater than twice the original linker span size. Fig. 7 is a diagram 
showing intcrmolecular reactions that may occur at higher concentrations of KbP 2 - 
Adipate. 

Fig. 12 shows the results of the experiments carried out with KbP 2 -EGS, in 
which the two KbP monomers are linked by the EGS spacer, which is on the order of 
twice the length of the adipate spacer used to make KbP 2 -Adipate homodimer. The results 
of the experiments with KbP 2 -EGS exhibit a pattern analogous to the KbP r Adipate 
results, as Fig. 12 illustrates. For example, there is a co-stimulatory effect with the T cell 
activating antibody OKT3. Further, the greatest stimulatory effect was observed at low 
concentrations (between 1 0* 6 M and 10* 12 M) of KbP r EGS, and after the peak stimulatory 
effect (alone or with OKT3), increasing concentrations (10' 5 M) decreased the activating 
effect observed. 

EXAMPLE 3 

HOMOMULTIVALENT POLYMERIC COMPOUNDS DESIGNED TO INDUCE 
ASSOCIATION BETWEEN T CELL SURFACE RECEPTORS 

A variety of different examples of homomultivalent compounds are taught in 
this example. The standard peptide synthesis methods described above can be used to 
prepare these compounds. 

The general multivalent template has the following structure as shown in Fig. 

1R: 



D - A1 - A2 - A3 ~ A4 B 



I 

E1 [J], E2 (U, 



/ 
\ 



Y2 



■E3' 



D - A1 - A2 - A3 - A4 B 



Y2 



T 

Ef • (J]„ E2 [I], E3 



wherein D is, independently, selected from the group consisting of Nil and NH 2 , wherein 
N represents any isotope of nitrogen, wherein H represents any isotope of hydrogen; 
is, independently, selected from the group consisting of a single bond and a double bond; 
B represents, independently, any isotope of boron; Al is, independently, selected from the 
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g^p counting of a c, . CX ntoiety Md „ N> wherci „ c 

A3 and A4 a., seIec(ed fem ^ - ^, 

seiected from dte group conning of any a ,om capaMe of forming . sin ., e * . 

o o ,g Cn; hcrcin eacll Y1 and y2 arc> indepcndent] ^ sekcied ftom y~*. 

phy.ologtc cond.uons; „ represents „ to^er between , and 200> inclusive . 
wherein El E3 are distinct reactive species in which- 
(a) R and R' are >he remainder of the moieeules no, relevant to this 

reaction; 

W El is attached to R' by a eovaien, bond whieh are together designated 
asEl-R'orR'-El; 

• • (c) E3 is attaehed to R by a eovalent bond whieh are together designated 
asE3-RorR-E3; 

(d) R' represents the par, of E W „ 01 undcrgoing . ^ 

(0 El undergoes a ehemieal reaction wi,h E3 to torn, the produe. El'-E3' 
and a byproduct F, wherein F is selected front the group consisting of 
2H and 2e" , H,0, and any other byproduct- 
fe) where „• is the cation of any isotope of hyJrogen a„ d e- is an eiectron; 

WhCrcH ~^yi-°PC of hydrogen and O represents any 
isolopc of oxygen; 

(i) where El ' and E3' are covalcntJy bonded; 

0) El does not undergo a chemical reaction 'with another El ■ 

00 E3 doe, not undergo a chemical reaction with another E3- and 

(1) El and E3 are .elected from the group costing of a carboxylatc 

ammo, imidazole, sulfhydryl, aldehyde, estc, and any other rcactile 

species; 
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wherein [J]p, E2, [I]q and [G]m together arc a linker moiety, and wherein [G]m, [J]p, and 
[I]q represent, independently, linker molecules (i) having a molecular weight ranging 
between about 1 00 daltons and about 2000 daltons, (ii) having a span ranging from about 
20 A to about 300 A, and (iii) containing a chain of atoms selected from the group 
5 consisting of a combination of C, O, N, S, and Ph atoms, connected by single bonds or by 
double bonds in a manner that does not violate the laws of chemistry and wherein S 
represents any isotope of sulfur and Ph represents any isotope of phosphorous; and 
wherein m, p, and q represent, independently, an integer from 1 to 50, inclusive and 
wherein E2 is selected from the group consisting of CX, CH, N, PhYZ, PhU, and any 
1 0 other moiety capable of forming covalent bonds with [J] p , [G] m , and [I] q and wherein: 

(a) C is any isotope of carbon; 

(b) X is any isotope of any atom capable of forming a single bond with 
carbon; 

(c) H is any isotope of hydrogen; 
15 (d) N is any isotope of nitrogen; 

(e) Ph is any isotope of phosphorous; 

(f) Y is any isotope of any atom capable of forming a single bond with 
phosphorous; 

(g) Z is any isotope of any atom capable of forming a single bond with 
20 phosphorous; and 

(h) U is any isotope of any atom capable of forming a double bond with 
phosphorous. 

Also, the figures shown below represent the binding moiety and R represents 
the remainder of theln'ofcculc in tliis^lymeficicompound: 



25 



^ Y1 

D1 -A1 -A2-A3-A4 B 



R Y2 



and 
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b.nd,„ g moicly „ m more (han 2 ^ (a ^ ^ Mmpound » 
~,> be . "po, ym e ri e" expound wiU, a flu* nu „,ber of ^ binding 



10 



T CELL SURFACE KCEPTOR (TWCD3) 

Comlruc,i »e , " :lc "'Wval C n t (ai S orefc m: d,oa s he,crobide„,a te or 
fc^erie), — * « a gents yie ,d S a Cass of a g e nts capabie of in duein g aa 
_o„ be^eeu CD2o and disUnd ceU surface rcKptor , Such hMcrobif J^, 
n.o,ceu,es nave in.e^ bioiogica, acMUes and „,a y be usefu, as d rogs 



r2 



wta» D ,s .ndependen.,, se,ee te d f rom Ul0 group o(m ^ 

represent an, lsot opc of „ ilrog en, wherein H re „ anv isolopc rf ^,^7 

..dependent U seieccd f rom t „e group eonsisnn. of a ^ ^ ^ ^ ' 

« ,„dcpe„de„U y , an y iso.opc of boron; Al is , ind e p e ndcn(l „ ^ ^ ' " 

8 roup eo,s,s„„ g of a C, a CX and an N, wnercin C « any is o t opeT f 

carbon X a„ y a to „, capabie of fo„ ning . sinfile ^ ^ 

A3, and A4 are, ,ndepe„de„, ly . selected fron, t , lc gr0UD consis ,,„ ofa cy ^ ^ 
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moiely, a CZ moiety, an NX moiety, and an O, wherein X and Z, independently, are 
selected from the group consisting of any atom capable of forming a single bond and any 
atom capable of forming a double bond with C or N and wherein O represents any isotope 
of oxygen; wherein each Yl and Y2 are, independently, selected from the group consisting 
5 of a hydroxy 1 moiety and any reactive moiety that converts to a hydroxyl moiety under 
physiologic conditions; L represents a linker molecule (i) having a molecular weight 
ranging between about 100 daltons and about 200 daltons, (ii) having a span ranging from 
about 20 A to about 300 A, and (iii) containing a chain of atoms selected from the group 
consisting of a combination of C, O, N, S, and Ph atoms, connected by single bonds or by 

10 double bonds in a manner that does not violate the laws of chemistry and wherein S 
represents any isotope of sulfur and Ph represents any isotope of phosphorous; and P 
represents a peptide ranging from 3 to 30 amino acids having sufficient sequence 
homology to bind to a naturally occurring receptor. P can be a peptide which selectively 
" binds to CD26 but which does not include a reactive group for forming a covalent bond or 

15 complex \vith the amino acids in the reactive center of the CD26. Such a compound is 
considered a heterobivalent compound because only one reactive group is present. 

Two different heterobivalent compounds (hcterodimers) of Lys-boroPro have 
been constructed and tested. These two compounds arc presented as examples only and 
arc not intended to limit the invention. In one heterobivalent compound, Lys-boroPro is 

20 linked to the C terminal carboxylatc of encephalitogcnic myelin prolcolipid protein (PLP 
1 39-15 1 ; Fig. 2C; sec below for discussion). In the second hetcro-compound, Lys- 
boroPro is linked to an antigenic moth cytochrome C peptide (MCC; Fig. 2B; see below 
for discussion). Both compounds were designed such that association between CD26 and 
another T cell receptor (TCR/CD3) would be induced. The dala~prcscnted~bclow 

25 demonstrate that both heterobidentate molecules were much more stimulatory than using 
the peptides alone. 



1. 



Synthesis of Lys-boroPro Linked to Myelin Proteolipid Protein (PLP) 
Peptide 139-151 to Induce Association Between CD26 Receptor and 
the T Cell Surface Receptor CfCR/CD3) 
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Prolcohpid prol ein (PLP) is the major proteiri of ccntral 
m y e., n . KuCroo and co-worlcers „ avc shown ,h at mice im „ unfeed ^ . ~ 
c„ din 0 ^ 13W „ of pLP| HSL0KWiGH£DKF p 

s^rr™^ 

V K « a,., T-ce,l receptor a , pha chain plays , crifeI ^ an(jg _ ' 

funcLon, PNAS (U.S.A.) 88, 8700-8704 (,9 9I , Kuchroo , v K 
aUcraic =„c C pha.o mye , ilis mediated by e,„ n=d T ^ ' ,f ' B ™ ,a ' 

H 8 , 377,378, (l Kuchroo, V.K., « a, Cytokines J d ^ ~ *— 
con,. bl „e ,„ lh c aWli , y „ f m y c,in P ro t eo Iip id protei ,, specific T cc „ c J ^ , 

c ^-p e rto 1 re^/ W£?/ . ]53) 33 26 .333 LP 139 ,5, • „ 



20 recognition and binding of this peptide within the context oft, • , • 
mouse chromosome 1 7 that encodes the MMC molecules TheMHCC, , 

to Mi,C « t he mos, P o lym orpl,ic gene clus.cr known l0 datc in i1k ^ 
avi„ K ^ „r a „e,es „ scve ra , diff e rail loel. Because « 

PO, ym o rph ,smisusua l , yd e 1 ec,e d usi„ t! a„ l ibo di eso r s P ecl & Teel,s teM l , ■ 

am often called "major his.oeompau'Wli* uStm . T]]is aI , MH ° """^ • 

30 ^^^^^^Li^r,^ 
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Systematic amino acid replacement studies have demonstrated that Trp 144 
and His 147, shown in bold in the sequence, arc necessary for TCR binding while Leu 145 
and Pro 148, shown underlined in the sequence above, are necessary for MHC binding. 

Crystal structure data on the MHC class II receptor shows that the cleft on top 
of the molecule which binds the antigenic peptide is open on both sides, which allows 
longer peptides to be presented by simply permitting them to extent away from the MHC 
receptor. In contrast, MHC class I receptors only accommodate short peptides from 9 to 
12 amino acids and the antigenic peptide ends are not free. The above facts therefore 
suggest that a bivalent, heterodimer of Lys-boroPro linked to PLP 139-151 could be 
constructed that would simultaneously bind to the T cell surface receptor (TCR) and CD26 
(see Fig. 8) and the MHC II on the antigen presenting cell. Fig. 8 is a diagram showing 
Lys-boroPro linked to Myelin Proteolipid Protein (PLP) Peptide 139-151. 

In the case of PLP, the heterodimer was constructed as 
HSLGKWLGHPDKFAAAAAA-eKbP (SEQ.ID.NO. 23 - eKbP) where 
HSLGKWLGHPDKF (SEQ.ID.NO. 22) was PLP 139-151, AAAAAA (SEQ.ID.NO. 21) 
was a linker comprised of 6 alanines and eKbP was Lysine-boroProlinc in which the e- 
amino of Lysine is covalcntly attached to the -COOH terminus of 

HSLGKWLGHPDKFA AAAAA (SEQ.ID.NO. 23). The first synthetic step was to order a 
custom peptide from a synthetic peptide lab. Using long established protocols, the peptide 
was built from the C-tcrminus staring with alanine which was immobilized on a resin. 
Sequentially AAAAA FKPHGLWKGLSH (SEQ.ID.NO.25) were added using protected 
amino acids. The peptide was then removed from the resin to give a free -COOH terminus 
which could-bc rcaclcd_to form _a peptide bond L The other residues 
HSLGKWLGHPDKF AAAAA (SEQ.ID.NO. 24) were unreactive owing to protecting 
groups. Lysine-boroProline in which the a-NH, of Lysine was protected, the B(OH) 2 of 
boro Proline was protected with pinanediol, and the e-NH 2 of Lysine was free was coupled 
to the peptide. The coupling was a peptide bond (-(C=0)-NH-) formed by standard peptide 
chemistry techniques. The result was then deprotectcd to yield the final product. 

The spacer linker consisting of six consecutive Ala residues was chosen to 
provide a span sufficient to permit crosslinking (-30A). 
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The proliferative effect of PLP-S-TkTKP , ~ 
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TABLE 1 

PROLIFERATIVE EFFECT OF PLP-S-KBP ON SEVERAL 
T CELL CLONES SPECIFIC FOR PLP 139-151 



Dose (]iM) 



Antipen 


100 


J_0 


I 


M 


Clone 


PLP-S-KbP 


34,716* 


53,628 


22,022 


15,171 


5B8.G8.E6.H12 


PLP 139-151 


41,073 


9,176 


349 


106 




PLP103-116 


143 


74 


226 


124 




PLP-S-KbP 


31,635 


17,516 


2,527 


681 


SPL.C1.H2.F2 


PLP 139-151 


809 


400 


107 


423 




PLP103-116 


150 


479 


123 


238 




PLP-S-KbP 


17,608 


15,75 j 


8,580 


3,688 


(4E3.B11.- 
D9.H10.H6) 


PLP139-151 


1,932 


534 


125 


318 




PLP103-I16 


274 


224 


559 


178 




PLP-S-KbP 


36,686 


26,410 


7,738 


175 


2E5.G10.G5.E5 


PLP 139-151 


1,506 


70 


288 


101 




PLP103-116 


107 


60 


434 


307 




PLP-S-KbP 


43,999 


35,521 


8,202 


187 


7A5.F1 O.Gil 


PLP 139-151 


2,324 


406 


222 


117 




PLP 103-116 


124 


117 


314 


556 





* 3 H counts 
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Surface Receptor (TCR/CD3) 
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The results demonstrate that coupling Lvs-boroPro to Mrr , , 
response to the antigenic MCCpeptide Even at the J ^ 

, • i Peptide alone, which required ~ 1 ft f„w 

higher concentration (sec Fig. 9). °" foJd 
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These results indicate that a low molecular weight synthetic molecule designed to 
crosslink CD26 and the TCR, e.g., KbP-S-MCC, strongly enhanced the T cell response to 
the T cell receptor recognized antigen. 

III. Synthesis of Lys-boroPro Linked to Other Peptides to Induce Association 
5 Between CD26 Receptor and the T cell Surface Receptor (TCR/CD3) 

This example describes the synthesis of a preferred binding moiety-reactive group 
(Lys-boroPro) to certain peptides (e.g., PLP peptides, MCC peptides). It is contemplated 
that the procedures also can be used for synthesizing compounds in which Lys-boroPro (or 
an alternative) is coupled to a tumor antigenic peptide or an antigenic peptide of infectious 

10 disease. Other hetcrodimers comprising various derivatives of the PLP or the MCC 

peptide, which were previously shown to be antagonistic, will be prepared and studies will 
be performed to determine if linking these peptides to Lys-boroPro enhances their 
antagonistic activity or transforms them into an agonistic molecule. 

Also, tetanus toxoid peptide P2 is of interest because it provides a test system 

15 involving human peripheral blood mononuclear cells (PBMC) (Wyse-Coray, T., ct al., "Use 
of antibody/peptides constructs of direct antigenic peptides to T cells: evidence for T cell 
processing and presentation," Cellular Immunology, 139(l):268-73, (1992)). It has been 
shown that tetanus toxoid peptide P2 peptide induces a response in all HLA haplotypes 
tested so far (Panina-Bordignon, P., et al., "Universally immunogenic T cell epitopes: 

20 Promiscuous binding to human MHC class II and promiscuous recognition by T cells," 
Eur. J. Immunol 1 9, 2237-2242 (1989)). Thus, bivalent, helerodimers of Lys-boroPro 
coupled (linked) to the P2 peptide of tetanus toxoid will be prepared; DifTerent^acer 
linkers of varying sizes will be tested to determine the optimal length to be used with this 
peptide. The coupling chemistry needed to produce the bivalent, heterodimer, Lys-boroPro 

25 linked to tetanus toxoid peptide P2 peptide, is the same as described above. 

Additionally, other molecules capable of inducing the association between CD26 
and the T cell surface receptor, e.g., TCR/CD3, can be prepared by coupling Lys-boroPro 
or other binding moiety to the C terminal or N terminal functional group of different 
peptides known to bind to the T cell receptor in the context of class II MHC receptors. 
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both of wh,eh are described above and which involve straightforward stand 7 ' 
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5 r , EXAMPT .t? < 

SURFACE RECEPTOR T ECD4T CELL 

Hetcrobivalent compounds containing Xaa-boroPro denned ,„ • h 
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length for inducing the association between CD2S and CD4 ' ^ 
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EXAMPLE 6 

HETEROBIVALENT COMPOUNDS DESIGNED TO 
INDUCE ASSOCIATION BETWEEN CD26 AND 
OTHER T CELL SURFACE RECEPTORS 

5 Hclcrobivalcnl compounds containing Xaa-boroPro designed lo induce association 

between the CD26 receptor and other T cell surface receptors, e.g., granulocyte colony 
stimulating factor, can be prepared. 

For example, cytokine granulocyte colony stimulating factor (G-CSF or granulocyte 
macrophage colony stimulating factor, GM-CSF), is produced by T cells and macrophages 

10 and binds to its own receptor on the T cell surface (the granulocyte colony stimulating 
factor receptor). A bivalent, heterodimcric form of granulocyte colony stimulating factor 
could enhance the potency of granulocyte colony stimulating factor by stimulating growth 
or differentiation or both in cells of myelomonocytic lineage. This compound can be 
prepared by using standard coupling methodology to couple granulocyte colony stimulating 

15 factor to^ys-boroPro. Also, different spacer linkers of varying sizes will be evaluated to 
determine the optimal length for inducing the association between CD26 receptor and the 
receptor for colony stimulating factor. 

Stem cell factor (c-kit Iigand) is essential in stem cell development and binds to the 
stem cell factor receptor on T cells. In B cell development, CD44 binding probably has no 

20 direct signaling function, but instead promotes the binding of a receptor known as c-kit. 

Lymphoid progenitor cells and early pro-B cells bind to hyaluronic acid on stromal cells via 
CD44, promoting the binding of their surface c-kit tyrosine kinase to stem cell factor (SCF) 
on the stromal cell surface, activating the kinase and inducing proliferation. A bivalent, 
~ lTcWo^ime 

25 the potency of SCF. 

Lys-boroPro-SCF, hcterodimeric compound can be prepared by using 
methodologies similar lo that described above. Different spacer linkers of varying sizes 
will be tested to determine the optimal length for inducing the association between CD26 
receptor and the receptor for stem cell factor. 
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exchanged, while the position of the side-chain groups at each alpha carbon is preserved. 
Jameson et al. reportedly demonstrated an increase in biological activity for their reverse D- 
peptide, which contrasts to the limited activity in vivo of its conventional all-L enantiomer 
(owing to its susceptibility to proteolysis). 

5 A partially modified retro-inverso pseudopeptide has been reported for use as a non- 

natural Iigand for the human class I histocompatibility molecule, HLA-A2 (Guichard et al., 
Partially Modified Rclro-lnvcrso Pscudopcptidcs as a Non-Natural Ligands for the Human 
Class I Histocompatibility Molecule HLA-A2, J. Med Chem. 39, 2030-2039 (1996)). The 
authors report that such non-natural ligands had increased stability and high MHC-binding 

10 capacity. 

Rctroinvcrso peptides for incorporation in the compounds of the invention (e.g., as 
P2 peptides in the compound shown in formula I of the Summary of the Invention) are 
prepared for peptides of known sequence in the following manner. A peptide having a 
known sequence (e.g., a tumor antigen peptide) is selected as a model peptide for designing 

15 and synthesizing a retroinvcrso peptide analog. The analog is synthesized using D-amino 
acids by attaching the amino acids in a peptide chain such that the sequence of amino acids 
in the retroinvcrso peptide analog is exactly opposite of that in the selected peptide which 
serves as the model. To illustrate, if the peptide model is a tumor antigen such as the 
MAGE-1 peptide Al (formed of L-amino acids) having the sequence, ADPTGHSY, the 

20 retroinvcrso peptide analog of this tumor antigen (formed of D-amino acids) would have 
the sequence, YSHGTPDA. The procedures for synthesizing a chain of D-amino acids to 
form the retroinverso peptides are known in the art and are illustrated in the above-noted 
references. 

Since an inherent problem with native peptides i^degradatibn by r Mtural"protease*s7~ 
25 the heterobivalent or hctcromultivalcnt compounds of this invention will be prepared to 
include the "retro-inverso isomer" of the desired peptide. Protecting the peptide from 
natural proteolysis should therefore increase the effectiveness of the specific heterobivalent 
or hctcromultivalcnt compound. 

The protocol given in Example 4, Section 1, for synthesizing PLP 139-151-KbP can 
30 be used, with some modifications as necessary, to synthesize the retro-inverso containing 
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hetcrodivalent compounds described above Thr nr* 

mversoPLP 139-151 ™„k.„ _, ooroPro linked to retro 
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A. Background on Applicable Linker Molecules 

Chemical cross-linkers are valuable tools for scientists and are discussed in 
numerous books and catalogues, e.g., Pierce Catalog and Handbook, Rockford, 111. These 
reagents arc used to assist in the determination of near-neighbor relationships in proteins, 
5 three-dimensional structures of proteins, enzyme-substrate orientation, solid-phase 
immobilization, hapten-carrier protein conjugation and molecular associations in cell 
membranes. They are also useful for preparing antibody-enzyme conjugates, 
immunotoxins and other labeled protein reagents. 

Conjugates consisting of more than two components arc difficult to analyze and 

10 provide less information on spatial arrangements of protein subunits. The number of 

components should be kept low or to a minimum. Like many applications, it is necessary 
to maintain the native structure of the protein complex, so cross-linking agents often 
employ functional groups that couple to amino acid side chains of peptides. Bifunctional 
reagents arc classified on the basis of the following: 

15 P , Functional groups and chemical specificity 

2. Length of cross-bridge 

3. Whether the cross-linking groups are similar (homobifunctional) or different 
(hctcrobifunctional) 

4. Whether the groups react chemically or photochemically 
20 5. Whether the reagent is clcavablc 

6. Whether the reagent can be radio-labeled or tagged with another label. 

Reactive groups that can be targeted using a cross-linker include primary amines, 
sulfhydryls, carbonyls, carbohydrates and carboxylic acids (to be discussed below). In 
addition, any fe^iv^grdupcan" bel:^preid"nonselcctively usingaxross4inker suclvas — 
25 photorcactive phenyl azides. 

Cross-linkers are available with varying lengths of spacer arms or bridges. These 
bridges connect the two reactive ends. The most apparent attribute of the bridge is its 
ability to deal with steric considerations of the moieties to be linked. Because steric effects 
dictate the distance between potential reaction sites for cross-linking, different lengths of 
30 bridges are required for the interaction. Normally, a cross-linker with a short spacer arm 
(4-g a) is used and the degree of cross-linking is determined. If this is unsuccessful, a 
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1. Primary Aminc-Reactive Groups 

There arc two major types of homobifunctional imidoesters and homobifiinctional 
N-hydroxysuccinimidyl (NHS) esters. Commercially available homobifunctional 
imidoesters range in size from about 8 A to about 1 1.9 A. Commercially available 
homobifunctional N-hydroxysuccinimidyl esters range in size from about 6.2 A to about 
16.1 A. 

Because primary amines are commonly found in proteins, homobifunctional NHS 
ester cross-linkers are the most commonly used conjugation reagents. Both yield stable 
derivatives. 

2. Sulfhvdrvl-Rcnctivc Group 

Maleimides, alkyl and aryl halides, cc-haloacyls and pyridyl disulfides are thiol 
reactive groups. These reagents react faster with sulfhydryls, making them thiol-selective. 
Maleimides, alkyl and aryl halides, and a-haloacyls react with sulfhydryls to form thiol 
either bonds. Pyridyl disulfides react with sulfhydryls to produce mixed disulfides. The 
pyridyl disulfide product is cleavable. 

3. Nonselective Group 

A nonselective homobifunctional is useful for conjugating functional groups, such 
as hydroxy Is for which specific cross-linkers are not available. 

An example of a nonselective homobifunctional cross-linker is BASED (Product 
#21 564 Pierce Co.). This cross-linker has a long spacer arm and 2 aromatic rings which 

-makes-it-vcry-hydropliiM^ 
also has a large diffusion capacity and should permeate membranes before conjugation 

initiates. 

C. Heterobi functional Cross-linkers 

Hcterobifunctional cross-linkers possess two or more different reactive groups that 
allow for sequential conjugations with specific groups of proteins, minimizing undesirable 
polymerization or self-conjugation. Heterobifunctional reagents frequently are used when 
modification of amines is problematic. Amines may sometimes be found at the active sites 
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D. Reactivities of Different Chemical Groups 

1. • Imidocstcr Cross-linkers 

Imidoester homobifunctional cross-linkers were among the first used to immobilize 
proteins onto solid-phase supports. They were used extensively for the study of protein 
5 structure and molecular associations in membranes. Although these cross-linkers are still 
used in protein subunit studies and solid-phase immobilization, they have been steadily 
replaced by the more stable, more efficient homobifunctional NHS-ester cross-linkers. 
Homobifunctional imidoesters maintain the net electronic charge on protein after cross- 
linking. Spacer arm lengths range from about 8.6 A to about 1 1 .9 A. Imidoester cross- 
10 linkers react rapidly with amines at alkaline pH, but they have short half lives. 

Imidoesters are also very useful for protein-protein cross-links. These cross-linkers 
can penetrate cell membranes and cross-link proteins within the membrane to study 
membrane composition, structure and protein-protein and protein-Iipid interactions. 
Imidoesters arc also useful for oligomer formation. For example, cross-linking proteins to 
15 form oligomers may reveal if a bivalent, dimeric or trimcric form of the protein is 
responsible for activity. 

2. N-Hvdroxvsuccinimide-Esters fNHS-esters^) 

NHS-estcrs yield stable products upon reaction with primary or secondary amines. 
Coupling is efficient at physiological pM, NHS-cstcr cross-linkers arc also more stable in 
20 solution than their imidate counterparts. Homobifunctional NHS-ester conjugations are 
commonly used to cross-link amine-containing proteins in either one-step or two-step 
reactions. 

Primary amines are the principle targets for NHS-estcrs. Accessiblelx-alnihe 
groups present on the N-termini of proteins react with NHS-esters and form amides. 
25 However, because a-amincs on a protein are not always available, the reaction with side 
chains of amino acids become important. While five amino acids have nitrogen in their 
side chains, only the e-amines react significantly with NHS-esters. A covalcnt amide bond 
is formed when the NHS-ester cross-linking agent reacts with primary amines, releasing N- 
hydroxysuccinimide. 
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protein. EDC (Pierce Co.) reacts with carbocyclic acid group and activates the carboxyl 
group, allowing it to be coupled to the amino group (R,NH 2 ) in the reaction mixture. 

5. Nonselective Labeling: Arvlazides 

A photoaffinity reagent is a compound that is chemically inert but becomes reactive 
when exposed to ultraviolet or visible light. Arylazides are photoaffinity reagents that are 
photolyzed at wavelengths between 250-460 nm, forming a reactive aryl nitrene. The aryl 
nitrcne reacts nonsclcctively to form a covalcnt bond. Reducing agents must be used with 
caution because they can reduce the azido group. 

6. Nonselective Labeling 

a. Arpinine Specific Cross-linkers 

Glyoxals arc useful compounds for targeting the guanidinyl portion of arginine 
residues. Glyoxals will target arginines at mildly alkaline pH. There is some cross- 
reactivity (the greatest at higher pH) with lysines. 

b. Carbonvl Specific Cross-Linkers 

Carbonyls (aldehydes and ketones) react with amines and hydrazides at pH 5-7. 
The reaction with hydrazides is faster than with amines, making this useful for site-specific 
cross-linking. Carbonyls do not readily exist in proteins; however, mild oxidation of sugar 
moieties using sodium metapcriodate will convert vicinal hydroxy Is to aldehydes or 
ketones. 

7. Applications for Use of Cross-linkers 

a. "CcirSurface Cross^l inking - 

To ensure cell-surface specific cross-linking for identification of surface receptors 
or their ligands, it is best to use membrane-impermeable cross-linkers. In the past, 
researchers used water-insoluble cross-linkers and carefully controlled the amount of cross- 
linker and the cross-linking duration. This prevented penetration of the membrane by the 
cross-linker and the cross-linking duration. This prevented penetration of the. membrane by 
the cross-linker and subsequent reaction with membrane proteins. Many references cite the 
use of membrane-permeable cross-linkers for cell surface cross-linking. 
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b ' £ "l>™t Cmss-litlMn» arvl P r .„ h Stniw.n.1 f ! f ..^„ 

Cross-Unkers can be used to study the secure and composition of proteins i„ 
b,„lc 8 ,cai samples. Some proteins are difficult «o study because they exist in di ff erent 
conformant* under varyi„ 8 pH or „ t condilions . 0 „ e ^ ^ ^ 
changes ,s ,o cross,ink the subunits t08ether . ^ of 
reagents are enjoyed for identification of „ ^ ^ ^ ^ 

o f( ne „u m bcr, lo ca t ,ona»ds iz eofsubun il s i napro,ei„. Short-to-rnc^um spacer arm 
cross- tnkers are se,ee,ed when intramolecular cross-linking is performed. ,f ,he spacer arm 
- ,00 long, tntermolecular cross-linking can occur. Carbodiimidcs that resuU in J^J 
» arm, a,o„ B wi,h short >e„ 8l h conjugating rea 8 e„ t s are commercial avai,able. 

C ' S " b "" it ^-linkers .mrf P m , . j„ S truct,,™! Q„, ^j„ 

Cross-linkers are widely used for identification of near-neighbor protein 
-lauonships, Ugand-reccptor identification and interactions, and enzyme substrate 
— ons. The cross-linkers chosen for these applications are usuaiiv longer «.. 

and heterob.functional, amine-reactive photoactivatabie pheny, azides are me most 
commonly-used cross-linkers for these procedures. Occasional a sulfhyd,,,. and amine- 
» ,.vc cross-hnker may be employed if one of the two proteins or moiecu J is knol 0 
- - «s, C,e 1 va U e„or,onc,eavab 1 e.eross,i„ k er,^ Bc I , " 

*c dtstances between two moiecuies are not aiways known, the optimum length of the 
P ccr arm of the cross-iinker may be determined by the use of a pane, of sin! c ss 
^ers wtth d«fere„, lengths. NHS^er, phenylazides are vc. usefu, for this" 

surface " " on the 

«** or tntegra, to the membrane. These studies are possibie because water-soiubie 

crosses are membtane-impenneablc, whiie water-insoluble cross-iinkers al 
membrane permeable. 

d * Cell Membrane .Stmr.tt.rai c ri|rtir . 
Cell I membrane structural studies require reagents of vat^ing hydrophobic!* to 
determme t e location and the environment within a cell, lipid bilayer. Fluorescent tags 
are used to locate proteins, Hpids or other moleeu.es inside and outside the m „ m _ 
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Various cross-linkers with differing spacer arm lengths can be used to cross-link proteins to 
associated molecules within the membrane to determine the distance between molecules. 
Successful cross-linking with shorter cross-linkers is a strong indication that two molecules 
are interacting in some manner. Failure to obtain cross-linking with a panel of shorter 
5 cross-linkers, while obtaining conjugation with the use of longer reagents, generally 
indicates that the molecules are located in the same part of the membrane but arc not 
interacting. Homobi functional NHS-esters, imidates or hctcrobifunctional NHS-esters, 
photoactivatablc, phenyl azides are commonly used for these procedures. 

8. Tmmunotoxins 

l0 Specific antibodies can be covalently linked to toxic molecules and then used to 

target antigens on cells. Often these antibodies are specific for tumor associated antigens. 
Immunotoxins are brought into the ceil by surface antigens and, once internalized, they 
proceed to kill the cell by ribosome inactivation or other means. The type of cross-linker 
used to majvc an immunoloxin can affect its ability to locate and kill the appropriate cells. 

15 For immunotoxins to be effective, the conjugate must be stable in vivo. In addition, once 
the immunotoxin reaches its target, it is important that the antibody be separable from the 
toxin to allow the toxin to kill the cell. Thio-cleavable, disulfide-containing conjugates 
have been shown to be more cytotoxic to tumor cells than noncleavable conjugates of ricin 
A immunotoxins. Cells are able to break the disulfide bond in the cross-linker, allowing 

20 the release of the toxin within the targeted cell. 

9. Carrier Protein-Hnptcn/Peptidc/Polvpcptide Conjuga tes for Use as 
Immunopens 

Companies, e.g., Pierce Co., offer products in this area of immunological research. 
Easy-to-use kits are available for coupling ligands using several different chemistries. 
25 There are many cross-linkers used for the production of these conjugates, and the best 
choice is dependent on the reactive groups present on the hapten and the ability of the 
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C^boT^T ion succe «fi"lly as an immunogen after its injection, 

^..-.-.^ehoicesforprod^pcptideca.iereonj ugates because both 
Proteus and pcp„des usuai. y contain scvera, carbo* y ,s and primar, amines 

3 J^atc, 0«-Pep li desa r e^=si 2 cd wi U 11 c mi „ a ,,stei„es, oaI1 o wf o;:i 
attachment to supports or to carrier protein through a par, of the molecuie tha, is no 
■■nportan, forac,ivi, y ^recognition. Sulfh^-reactive, heterobifunctiona, cr s L 

canbe — ^^^^1-3^- 

Imked to pepudes through terminal cysteines. This method can be very eff.ci , 7- 
I0 ' Solid-Ph^ fmmohihW;,^ 

Proteins, peptides and other molecuies can be immobile on solid-phase matrices 
for use as aff,„i, y supports or for sampic a„a ly si, The matrices ma y be aga^c b Td rf 

^rmcmbranematcrials. Some supper, can be activated for direct coupiing , 0 i" 
protein or other hgands using cross-Jinkers. 

acco JilT^ ^ ° ! ' iilC i,,VCMfc " - * 

accomphshed », routtne coupiing chemist. ,„ genera,, ,„e conlpounds 

.ven.,0,, arc immobile b y including in the compounds an access** lirst ^1, 

group (c.g., an alco h ol gr o U p) and contacting the compound with a soiid su 

a complement second functiona. group (e , carboL ' ' 

a period of time sufficient to pern.it the ffr^d s 7 ^ 

funcuona, group, i, is meant that me functional grou rl r " '° * 

~a„„cd from reacting ^ ^ ^ 

The functional groups for immobilizing the compounds of the invention to , „.v ' 
support can be introduced into the peptide binding moieties or the li„ k er pIZ o 
compounds. For example, amino acids that include W , 

r„ „ ,.. runc "°"al groups ,n their side chains 
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moiety during synthesis and positioned at a sufficient distance from the reactive group 
which binds to the target protein to avoid unwanted steric hindrance by the solid-support in 
the reaction between the compound and its target protein. Alternatively, the compounds of 
the invention can be immobilized via a functional group in the linker molecule to a solid- 
5 support. Thus, for example, the linkers which arc used in this aspect of the invention can 
include, in addition to the first and the second linker reactive groups for binding to the first 
and the second peptide binding moieties, a further functional group for binding to the solid 
support. Trifunctional molecules of this type are illustrated in Example 1 1 . To prevent 
side reactions, it is preferred that the linker reactive groups that are used for coupling the 

10 linker molecule to the peptide binding moieties be different from functional groups that are 
used for coupling the linker to the solid-support. Such functional groups can be introduced 
into the linker molecules at any time during or after the synthesis of these molecules. 
Thus, in general, the same types of functional groups, protection/deprotection reactions and 
reagents, and reaction conditions that are established in the art for using linker molecules to 

15 couple, e?g,, proteins or peptides to one another or to solid supports can be used for 
immobilizing the compounds of the invention to a solid support. 

1 1. Protein-Protein Conjugates 

One of the most widely used applications for cross-linkers is the production of 
protein-protein conjugates. Biological assays require methods for detection, and one of the 

20 most common methods for quantitation of results is to conjugate an enzyme, fluorophore or 
- -other -moleculc^o-a-prolcin4h 

system being studied. Antibody-enzyme conjugates (primary or secondary antibodies) are 
among the most common protein-protein conjugates used. Secondary antibodies are 
relatively inexpensive and arc commercially available. 

25 Listed below is a representative sampling of commercially available cross-linkers, 

e.g., from Pierce Catalog and Handbook, Rockford, 111. The table also identifies which 
group the linker is reactive towards, e.g., sulfhydryls, carboxyls. 
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. mm , EXAMPT.f; Q 

PREVENTION OF CYCLIZATION BY DESIGNING A COMPOUND 
CONTAINING AN OLEFIN GROUP UKUOUND 

In this Example, Xaa-boroPro analogs containing an olefin group e g a 
5 fluoroolefin will be constructed to prevent cyclization and increase biological 'activity The 
b.ologtcal activity of his olefin containing compound will be tested by the methods 
describedpreviously inExamp^, sectionlH, e.g„ comparing the production oHL-2 using 
an olefin containing compound versus using a compound that does not contain an olefin. 

'• of Arth* ffi-fl n . r „ r , r||| , ,, rLUMLuujL 

10 ^nipoMnd^ a, p l ated to Inhibitory a ctiviiv nf S n h . N . frr r . } 

The inventors have previously shown that synthetic diastereomeric monomeric 
compounds, e.g., L-A,a-D,L-boroPro and L-Pro-D,L-boroPro, were potent inhibitors of me 
cata.yttc activity of soluble DP IV (CD2o). TOey also encountered a problem because these 
monomencinhibitors lost some of tor inhibitory activity rapidly in aoueou, . 
« PH of about neutral. For example, Ala-boroPro lost DP IV inhibitory activity with a half- 
We of about 5 minutes and pro-boroPro lost activity with a half life of about one hour It 
was determined that the inhibitors did not undergo degradation in aqueous solutions of 
neutral P H and higher, but did undergo a cyclization reaction. 

In aqueous solution at ail P H values, the inhibitors exist as a siowfy eq uilibrating 
nuxturc of two conformations: an open chain structure which is in h ibit0 ry (active species) 
and a cyclic structure which is non-inhibitory (inactive species). SeeHg. lOwhichisa ' 
dtagram showing the structures of the open and cyclized forms of Xaa-boroPro ^Hors 
(conformational equilibrium of Xaa-boroProlinc inhibitors). The open, active, inhibitory 
cham species is favored a, low pH while the cyclic structure is favored at high P H The 
rcacon is fully reversible: the open chain becomes predominate a. low pH. The open 
cham to cyclic species reaction involves a trans to cis isomeric of the proline and the 
formauon of a new N-B bond. The cycled structure is the boron analog of a 
dtketopipcrazinc, a product often seen in peptide chemistry. Cyclization liberates one 
^.valen, of „ + thereby cxplainiug the requirement for base in the cyelizaUon reaction and 
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acid in the opening reaction. The cyclic structure is quite stable in aqueous solutions of 
high pH. 

Prolonged incubation at high pH never leads to the complete disappearance of DP 
IV inhibitory activity for any of the Xaa-boroPro compounds examined. This observation 
5 was the first evidence that the active inhibitor was in a conformation equilibrium with a 
non-inhibitory species rather than undergoing an irreversible inactivation. The half life for 
the reformation of the open chain species from the cyclic structure is surprisingly low. 
Thus, the loss of inhibitory activity in aqueous solution was due to a pH dependent 
conformational equilibrium rather than a degradation reaction. 

10 The fact that the inhibitory activity docs not go to zero for any of the Xaa-boroPro 

inhibitors, even after prolonged incubation, together with the fact that the reverse reaction, 
i.e., cyclic to open chain is slow, suggested that it should be possible to measure the 
equilibrium constant for the conformation equilibrium by measuring the apparent Ki at 
equilibrium and comparing it with the true Ki. 

15 It hqs been demonstrated that the ratio of [cyclic] : [open] forms, at neutral pH, is 

156:1 for Pro-boroPro and 1 130:1 for Val-boroPro (W.G. Gutheil and W.W. Bachovchin, 
Separation of L-Pro-DL-boroPro into Its Component Diastcreomers and Kinetic Analysis 
of Their Inhibition of Depeptidyl Peptidase IV. A New Method for the Analysis of Slow, 
Tight-Binding Inhibition, Biochemistry 32, 8723-8731 (1993)). This means that less than 

20 1% Pro-boroPro and less than 0.1% of Val-boroPro exists as the open chain, inhibitory 
species, at equilibrium at pH 7.0. Nevertheless, under these conditions the inhibitors 

-bchavc-as-though4hey-had.Ki!sj^ This apparent Ki of the 

"fully inactivated" species is still substantially better than, (-1000-fold) that of other 
inhibitors of DP IV thus far reported. 

25 2. Background Information on Olefin Containin g Compounds 

Previously, fluoroolefin peptide isostercs have been used as tools for controlling 
peptide conformations (Boros, L.G., ct al Fluoroolefin Peptide Isostercs - Tools for 
Controlling Peptide Conformations, Tetrahedron Letters, 35(33), 6033-6036 (1994)). 
Fluoroolefin containing dipeptide isostcres have also been shown to be effective inhibitors 

30 ■ of dipeplidyl peptidase IV (CD26) (Welch, J.T. et al Fluoroolefin Containing Dipeptide 
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l~ as uubta. of Dipeptidyl Peptidase IV (CD26), Telrahadro , h 52(])> ^ 

Multivalt^f Cnmp^m^ 

The invent prediol ^ biologica , bioavaiIab;my ^ 
compounds taught in m couW be ^ incn;ased (approximai ioo _ 

000 tunes) by preventing peptide conformational changes, e.g., intermodular cyclization 
by —ting . Wva ,en, or muhivalent compound containing an oiefin group ( . ^ ' 

on, double bonded to another earbon atom; see Fig. „ D) , ^ fluorooMn 
HO are dtagrams of different espies of bivaien, compounds containing an olefin group 
and are no, meant to iimit the scope of the invention. Fig. „ D is a fluoroolefm isos. I of 
Xaa-boro P rol,„e. A iluoroolefin mimics a peptide bond bu, prevents cis trans 
■somerization and therefore prevents cyclization. Thus, if cychzation can be blocked the 
.nventors-predict tha, the bioavailabiiity of the compounds taught herein can be increased 
' 5 by approximately 1 00 - 1 000 fold. 

The methods used to synthesize fluorooiefins are described beiow. See also, Livia 
0. Boros, ct al "Fluoroolefin peptide isosteres - tools for controlling peptide 

TaMon ie „ OT , VoI . 3i> No 33> pp 6M3 mi eo36 _ ^ 

J ; ^h.and.;,a„ M ^ ._ _. 

d.pcp,,dy, peptides IV (CD26)", Tetrahedron, Vol. 52, No. pp. 2 o,. 304> lm ftr 
aitcrnauve procedures tha, can be adapted to prepare the compounds of the invention 

Thcproccdures for forming a particularly preferred ftuorolefin compound of the 
■nventtonareprovided. However, it is contemplated that any of the compolds of^ 
~ can be designed and consumed t0 in^ a „ oIefin " J* 

^^^.^^^^.^^^ 

oiefm.ontam.ng borony, compounds of the invention in which the olefm is unsubstiZ 

o subsututed with a halogen other than fluorine. Further, i, wil, be appreciated «h 

a -gh a compound having a borony, reactive group is iUustraied, a reactive, group ote ' 

2T "^"--^"'-——fcompoun d (a, i„ 

alternate re,c„ve group is substituted for BO, in the reaction. The synthesis of 
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# alternative non-boronyl group, olefln-containing compounds can be performed using the 
synthesis procedures identifcd above in reference to the Ferring published PCT application. 

The synthesis protocol involves three reactions. In the first reaction, compound (a) 
is converted to compound (b) using the reaction conditions set forth in Welch, J. et aL, 
5 Tetrahedron 52:291-304 (1996). In the second reaction, compound (b) is converted to 
compound (c) using the reaction conditions set forth in Tilley, J.W. et aL, J. Med. Chem. 
34:1 125-1 136 (1991). In the third reaction, compound (c) is converted to the fluorolefin- 
derivative compound using the reaction conditions set forth in Lipshultz, B.H. et aL, J. Org. 
Chem. 54:4975 (1989). 
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The fluoroolciln analogs of Xaa-b„ ro Pro s wjl| „, d ^ 

measuring the potency of inhibition of rrra .• "WMonosoy 
c/Tecii f„ n y """ b, " 0nofCD26 P role '"«"«ivi ty . Theimmunoduiatory 
effects of these fluorooiefin conning anaiogs wil] be evaiuated „ y m °J 

experiments will monitor cytokine production by celis of ivm„h„-w • • 

«*. of iymphoid origin, or both. " ^ ""^ ° f 



EXAIVTPp <- in 
SYNTHESIS OF FLUORESCENTLY LABET T rn 
MONOMERIC DERIVATIVES OFLYS^BOROPRO 

10 FluorcscentJy labelled derivatives of monomeric LysboroPm r u 

One labelling approach is directly couole the ^iHo ^n- 

Z-Lys-bordPro-diester to a WW», J... ^ * , " n ° ° f ~™ 

< ; „• e*-u P uii auuorescent molecule such as the 

S isothiocyanatc of fluorescein isothiocynate (FITC) Lvs bnroP 

eith^ .i , A-ys-boroPro can be linked to FITC 

either Erectly or through a spacer linker molecule. 

Another labelling approach is to link the side chain amino group of Lys-boroPro t 

sequencing of the subunit indicates it consists of 19* ■ • 

ik, u consists of 128 amino acids. Avidinhasnn 

Stre P tav ld in is another biotin-binding protein and it,', • , 
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has no carbohydrate and has an acidic isoelectric point of 5. Streptavidin is much less 
soluble in water than avidin and can be crystallized from water or 505 isopropanoi. 

Advantages of this approach over the 'above approach include; (1) the biotin-avidin 
system is well developed, well described and has been successfully utilized for the type of 
work proposed herein in many other systems; (2) improved flexibility because a large 
number of reagents are commercially available for use in this system: (3) improved 
sensitivity because this system provides for amplification of the signal from the 
biotinylated moiety (e.g., the biotinylated Lys-boroPro can be rendered fluorescent by 
reaction with either avidin (or streptavidin) conjugated either to a fluorochrome such as 
FITC or conjugated to an enzyme such as horseradish peroxidase). Avidin-FITC conjugate 
has many FITC groups per avidin molecule compared to only one of the first approach 
described above. The avidin-enzyme conjugate approach provides a large amplification 
owing to the many molecules of substrate converted to detectable product per avidin 
molecule. 

N-ljydroxysuccinmide biotin (NHS-biotin, available from Pierce Company) reacts 
readily with free primary amines to form a biotin conjugate linked with a peptide bond. 
First, NHS-biotin, and NHS-LC-bidtin (which has a 22.4 A spacer arm to separate biotin 
from the amino group of the molecule to which it is to be conjugated) is linked to the side 
chain amino group of Lysine of Lys-boroPro, and these molecules are characterized as to 
their ability to inhibit DP IV and their ability to serve as a detection tool for Lys-boroPro- 
protein complexes using the avidin detection systems. 

Each of the compounds prepared as described above can be purified to homogeneity 
using HPLC and its identity can be confirmed by NMR spectroscopy, amino acid 
composition, or mass spectroscopy as deemed necessary. 

EXAMPLE 11 
SYNTHESIS OF FLUORESCENTLY LABELLED 
BIVALENT AND MULTIVALENT DERIVATIVES OF LYS-boroPRO 

Fluoresccntly labelled dimeric and multimeric derivatives containing preferred P'R 1 
monomers (e.g., Lys-boroPro) can be prepared and used to determine if bivalent and 



WO 98/00439 " 

PCT/US97/11279 

-88- 

■rival™, derivatives of, e.g. Lys-boroPro. can induce aggregation and inttmaIization of 
cells surface CD26. 1 

Producing such molecules can be accomplished in several way, One way is W „ 
a .nfuncttonai molecule of the type i„ustra.ed beiow. With appropriate chemical 
methodology, the carboxyiate groups can be coupled to Lys-boroPro mo,ecu,es whife the 
-no group can be coupled t o an FITC n lol ecu,e, or other fluoropnore, or more preferably 

available or can be synthesized relatively easily. 

-0-CKCH 2 V--CH---CCH 2 ) ir --C-O- 

« I ! 

° *NH 3 o 

Tnmeric forms of Lys-boroPro also arc possible though strai 8 luf 0r ward extension 

of the andtoc nature of the biotin-avidin systen, Avidin h-. ^.. r ,. . - 
wh.ch has a btotin binding site for biotin. ,f fluorescent trimeric inhibitors are needed 

it bcc T ,oLys " boroproih ^ 

ou, d an adcqua[c lcngth jpaccr m 4 ^ ^ cffcc[ 
avjdin, both on T cell activation and on cell surface rmr 

usine FITr „„ • , ■ 00 Cc " surftcc CD26 aggregation can be determined 

- ->„g-n TS -con J uga.ed-av l di K ™^ach lipids- a ^ 
20 and tctravalenl inhibitors, "ivalua, Bivalent, 

The compounds prepared as described above can be purified by HPLC anH «, - 

spectroscopy as necessary. 



- S ^«^0 FL VS. B 0 R OpK^TO INS 0 LroLE SUPPO RTS 

Lys-BoroPro linked to insoiub.e supports may be usefu. for three reasons T1,e firs, 
- ' r dctermmmg lhe effcc( ^ ^ ^ The*- 

prol.ferat.on for compa r iso„ with analogous cements with sohd phase immo ^ 
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anti-CD26 mAbs. Solid phase immobilized Lys-boroPro derivatives should induce 
aggregation of cell surface CD26, but differ from soluble, multimeric inhibitors in that they 
should prevent internalization, or at least internalization of inhibitor bound CD26. The 
second use is for determining if Lys-boroPro binds to proteins other than CD26 to an 
5 appreciable extent. The third use is to produce an affinity column for producing purified 
CD26 from various sources. 

The bi and multivalent compounds of the invention, as well as P'R 1 monomers (e.g., 
Lys-boroPro), can be immobilized on solid supports in many ways, each with certain 
advantages. Initially, solid state immobilized avidin together with biotinylated Lys- 

10 boroPro can be tested because this approach offers substantial flexibility. Solid state 
immobilized avidin, e.g., linked to agarose, is commercially available (Pierce Chemical 
Co.) with avidin and can be obtained in both multimeric and in monomeric forms. The 
monomeric form is designed to allow for the removal and recovery of biotinylated proteins 
from the resin and therefore may be preferred for the second and third purposes described 

15 above. Thpre are, however, other ways to provide for the removal and recovery of 

biotinylated Lys-boroPro protein conjugates. For example, (i) high concentration of biotin 
may compete with and displace the biotinylated Lys-boroPro from the solid state 
immobilized avidin, (ii) free Lys-boroPro may displace the biotinylated inhibitor from the 
proteins, (iii) a biotin derivative with a clcavable group in the spacer arm can be used in 

20 preparing the biotinylated Lys-boroPro, (iv) lowering the pH to -4.0 will dramatically 

lower the affinity of Lys-boroPro for the active site of DP IV and thus should allow elution 

of-the pro tein-from-thercsi n .leaving Jbehind MQ^yl^ted^Lys-bqrqPrq^^^ to avidin 

(G.R. Flentke, ct al., Inhibition of dipeptidyl aminopeptidase IV (DP-IV) by Xaa-boroPro 
dipeptides and use of these inhibitors to examine the role of DP-IV in T-cell function, 

25 PNAS (USA) 88, 1556-1559 (1991); Bachovchin, W.W. et al., Inhibition of IgAl 
proteinases from Neisseria gonorrhoea and Hemophilus influenzae by peptide prolyl 
boronic acids, J. of Biol. Chem. 265, 3738-43 (1990)). Diols, such as pinanediol or 
pinacol, can be added to the elution buffer to bind to and thus tie up the hydroxy 1 groups on 
the boronyl group. 
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HPLC and us .dcntUy can be confirmed by NMR spectroscopy, am ino acid 
composition, or mass spectroscopy as deemed necessary. 

5 EXAMPr.rc 

CD26 (DP IV) AFFINITY STUDIES 

a ffin , y C o lum n „ described below shouM be of ^ ^ J 

— eM , dimeric raolecule , KbPi . Adipate> _ ^ to ^ a • 

~nce„ ( ra,,o„s e. 6 ., ,0-X (See Exampie ,, I, B (1) above), „ „,,, _ ....^^J 
o„ lp o u „ doftheinvcntioncmbciisedforafliniiy purifiMijonofcD26 *»* 

S -am,„o E rou P of ,„e Lys-boroPro. wi(houl sacriflcmg ^ ^ ■ ^ 
n affrm.y coiumn spccif.c for lhe puriBcatjon of CD26 from van . ou$ J* = .n E 
lines transfected with CD26 (DP IV) genes. 

,< EXAMPT.V 1A 

MEASURING STANDARD CD20 (DP !V) ACTIVITY 

Assays ,o measure CD26 (DP , V) acUvhy can be performed on bo.h >he 
_ ho m ob,va^e„,^ 

compounds, e. B ., Lys-boroPro coupied ,o a pcp ti de specific for a T ce„ surface reee p(0 r 

-a pep on,,,,,, infers w itll CD26 or DP ,V, as «„ as for lh e in^ion 0 f 

ZZ ,i8andS - * 1,16 M " ™ ^ "« "-toped (W.G Guarei. 

and W.W. BacWhin. Sepa rati on of L-Pro-DL-boroPro i„, 0 to Componl 

aas.ereomers and KineUc Analysis of Their Inhibftion of D ip ep tidyl p eplidasc , v ' 
(.993); Cumci,, W.G., and w, B.W. KinlsQ , A Mariab Pro Eram for Pi.1 Kil n 

. To, B,„ds to DP IV (CD2 6) : A possibic Mechanism for Ta,s I mmu „osup P re«,Ve 
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Activity, Proc. Nad Acad Set. U.S.A. 91, 6594-6598 (1994)). These methods use the 
chromatogenic substrate Ala-Pro-p-nitroanilide (AppNA) and fluorescent substrate Ala- 
Pro-7-amino-4-trifluoromcthyl coumarin (APi-AFC). AppNA and AP-AFC are 
commercially available (e.g., Enzyme Systems Products, Dublin, CA). 

5 EXAMPLE 15 

IMMUNOLOGICAL STUDIES ON HOMOBIVALENT 
AND HETEROBIVALENT COMPOUNDS 

1. T-cell Functional Assays 

The ability of bivalent Lys-boroPro molecules designed to induce association of cell 

10 surface CD26 can be measured in an antigen specific T cell response as previously 
described (G.R. Flentke, et aL, "Inhibition of dipeptidyl aminopeptidase IV (DP-IV) by 
Xaa-boroPro dipeptides and use of these inhibitors to examine the role of DP-IV in T-cell 
function," PNAS (USA) 88, 1556-1559 (1991); M. Subramanyam, et aL, "Mechanism of 
HIV-1 Tat induced inhibition of antigen-specific T cell responsiveness," J. Immunol. 150, 

15 2544-2553 (1993)). 

Briefly, in the human system, peripheral blood mononuclear cells (PBMC) are 
cultured with suboptimal doses of anti-CD3 mAbs, in the presence or absence of the CD26 
associating agents. Alternatively, a recall antigen response is measured to a suboptimal 
concentration of tetanus toxoid or Candida antigen, plus or minus the CD26 associating 

20 agents (M Subramanyam, et al., "Mechanism of HIV-1 Tat Induced inhibition of antigen- 
specific T cell responsiveness," J. Immunol. 1 50, 2544-2553 ( 1 993)). 

In the murine system, the cytochrome C system is used for measuring the response 
in the 2B4 T cell hybridoma (G.R. Flentke, et al., "Inhibition of dipeptidyl aminopeptidase 
IV (DP-IV) by Xaa-boroPro dipeptides and use of these inhibitors to examine the role of 

25 DP-IV in T-cell function," PNAS (USA) 88, 1556-1559 (1991)). Cellular activation is 

measured by the production of IL-2 by the T cell hybridoma, and the level of IL-2 produced 
is quantified in a biological assay, using HT-2 indicator cells. 
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2. 



Internal?™^ »f ^P 26/T)m p n,,!^. 

^ a "*°<» ~ ~in 8 of CD26 induce, in^izaUon, i, „ ^ 
ho.ob.va.em compounds ofLys-boroPro afco have tnis biological act;vi(y " R ' 

ti0 „ can 5e de(emiincd by fitc L ~ T 

* ^«wc y ,o m c Wc a„ W ^ 

Schow, C. Prado, S.F. ScMo SS n,a„, and C Morimolo CeM f 

^-^Z-™**, 396M971 (,„„>, To comparc ce „ mcmbrano ~' 
» c staini (he celb are ^ (;) wift imac( Mmbran ^ 

s .race and (,„ after pension of Ac racmbra „ £ wi , h sap0 „ fa 'J^* 

' Tdfer ' B ' A " Hut chmson, I.V., and Ballardie, F W "The d.t.rf * 

— a„c rh c^„;;;;;— : 

F ^nnore, mAbs are commercial* availaoIc ^ ^ 

flow cy.omcy. As above , saponi „ ca „ be ^ (o by 



Uses and Advantages 
. ^ te =*-= dl -™".«.cinvc„ I ionp r „vidcsa„u mbCT ofa S c S a„dadva„ t a n cs n 
des, 6 „cd t0 mducc Cnc associa.ion taw*, associauon-acivaKd recep.ors and I" 
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biologically active compounds, or compositions thereof, are useful for inducing the 
association between association-activated receptors on human T cells and for the treatment 
of a wide variety of T-cell mediated diseases in animals; for example, autoimmune disease. 

Generally, these bivalent or multivalent homo- or hetero-compounds or 
compositions thereof are useful as immune response modulating therapeutics (1) to treat 
disease conditions characterized by immunosuppression, e.g., AIDS or AIDS-related 
complex, other virally or environmentally induced conditions and certain congenital 
immune deficiencies; (2) to increase an immune function which has been impaired by the 
use of immunosuppressive drugs, (3) to treat systemic lupus erythematosis, rheumatoid 
arthritis, and multiple sclerosis. 

For example, the compounds of this invention can be used to deliver a member of 
the superantigen family to stimulate T cells. Superantigens comprise a class of disease- 
associated, immunostimuiatory molecules that bind class II MHC molecules and stimulate 
large numbers of T cells (Jardetzky, T.S., ct al. "Three Dimensional Structure of a Human 
Class II I-listocompatiblity Molecule Complexd with Superantigen 5 ', Nature 368, 71 1-718 
(April, 1 994)). Members of the superantigen family include toxins from S. aureus and 
other bacteria, as well as viral superantigens from mouse mammary tumor virus. The 
toxicity of the bacterial superantigens is thought to be mediated by their potent T-cell 
stimulating activities, leading to lymphokine release, respiratory distress and shock. 
Superantigens have also been implicated in rabies, rheumatoid arthiritis, and mouse and 
human AIDS. 

^Pl lcse bivalent or multivalent -homo--or-hetero^compounds_orxompositionsJherepX , 

can be used to stimulate the growth of hemapopoietic cells in culture. Such cells can be 
transplanted into mammals, e.g., humans, to stcngthen or boost the hematopoietic, immune 
system, or both. These compounds also can be used to treat patients suffering from disease 
or from deficiency of hematopoietic cells such as AIDS patients, patients undergoing 
chemotherapy and/or patients under radiotherapy for hematological or other cancers, and 
patients undergoing bone marrow transplants. 

' When administered to mammals, e.g., humans, the compounds of the invention may 
enhance the ability of the immune system to regenerate cells that are immunosuppressed, 
e.g., CD4 and T cells. Thus, the bivalent compounds of this invention, can be administered 



WO 98/00439 

PCT/US97/11279 

-94- 

•o ma mraals , c . g „ humans> in „ effec( . ve ^ aione of . n Mmbinatjon ^ 

pham,accu<ica., y stable carter, excipient, or ^ jn ^ ^ 

Convent phannaceuticai practice can be empioyed ,0 provide suitable formations or 
™~i„^^ 

ora„ lmm u„cd=ncie„cvorprc S v m p t o m a t icofA,DS. Anv appropriate route of 
action mav be e„ ]pl oved, for exampic, parenteral intravenous, subereous 

^.nuscuiar, tntrcapsuiar, intraspinai, interna,, ^ J; 

era, adm.n.strauon. TIlcrapeutic ^ ^ ^ ^ ^ 

~ ; for o raI admini^ formuiations ntav be in *. f orm of labte or ^ 
■0 and for foliations, in ^ ftrm „ f ^ ^ ^ ^ ^ ~. 

Methods „e„ know,, in u,e ar, formaking formulations „ found ^ ' 
fo ex M p,e, co„,a,„ excipients, steriie water, or saiine, poiyaikvlene givcois such „ 

-pol ymcrs may bc used to comro] the rcJeasc Qf 

aCCtatC C ° P0,ymer «»* P-Ps, implantable infusion systems or 

— s. Formulations of inJialation may contain exdpicnts> ^ J~ «* 

filycocholate and dcoxycholatc, or may be oily solutions for nH • • • 

„ a „ , , 7 y solutI0ns for administration in the form of 

nasal drops, or as a gel. 

These bivalent homo- or heterbivalent cnmnn „ n j 

—»..™.«,„«, — ,«., I , A , I> . ^ ^ . 

decline in immune function. tte 
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The homobivalent compounds or compositions thereof (CD26 T cell receptor 
associated with another CD26 T cell receptor) of the invention can be used to enhance 
recall-antigen specific immune responses. Lymphocytes from most HIV-infected 
individuals exhibit a qualitative defect in their ability to respond to recall antigens (A.S. 
Fauci. The human immunodeficiency virus: infectivity and mechanisms of pathogenesis. 
Science 239, 617-722 (1988)). This defect is exhibited early after infection and long before 
CD4+ T cell number decline. Accordingly, it is believed that these compounds will be 
useful in treating AIDS. Thus, the stimulatory activities should improve lymphocyte 
function in HIV infected individuals by ameliorating the defective recall antigen responses 
which show up early after infection, and by improving CD4+T cell numbers. 

Since the compounds of the invention and, in particular, the compounds of claim 1 
have high affinity and specificity for CD26, they can be useful for the selective delivery of 
other therapeutic agents to, and into CD4+ T cells. Thus, the compounds of the invention 
can be used to deliver pharmacological agents inside CD4+ cells that normally arc unable 
to penetrate such cells. For example, many highly potent inhibitors of the HIV protease 
have been developed, which despite their high affinities for the HIV proteinase, are limited 
in blocking HIV in vivo owing to their inability to get inside the CD4+ cells. These HIV 
proteinases hibitors inhibitors can be linked to the spacer arm of a bivalent CD26 ligand 
and delivered into CD26+ lymphocytes, which are the cells the virus primarily invades. 
Even if a drug is capable of entering CD4+ cells, the compounds of the invention can be 
used to concentrate the drug in CD26 cells, thereby maximizing the desired 
~pliarmaeological-act^ 
delivery vehicle therefore provides a mechanism to prevent or reduce AZT resistance by 
providing higher concentrations of AZT in CD4+ cells and lower concentrations elsewhere. 
Thus, the CD26 internalization activity of the compounds disclosed herein can be used to 
provide a vehicle for delivering and concentrating other therapeutic agents into CD4+T 
cells. 

The heterobivalent compounds designed to induce the association between a CD26 
T cetl receptor and a different T cell receptor, e.g., the T cell receptor TCR/CD3, can be 
useful in stimulating a cell-mediated immune response against specific antigens. 
Heterobivalent compounds or compositions thereof comprising a CD26 inhibitor and an 
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andgenic peptide stoula* . cellular immune ^ ^ ^ 

compared to an antibodv-rnediated immlmc „ ^ stimula|ion J 

Patents have high concent of anti-HIV anybodies. Thus, the CD26-TCR 
5 assocmt.on-induciog activity can be useful for stimulating a cell medial • 

ParticularIV for A1DS becaure a cci]uiar or Tii 

; appropr.atc response for HiV-i and is apparent., Wing in AIDS ^ 

■ 0 of P e„,i!t T biVa ' enl COmPOUndS ^ " SCfUl dB "**»« - "ture 
autoimmune diseases. 

Because the response stimuiated is cei. mediated and specific for the antigen 
osen such b.functioua, agents can be usefu, in the deve.opmcn, of vaccines fo 

The hcterobivaJcnt compounds desiencd to inrW a • • 

T t t * "esitnco to induce the association between a CD26 

Tee I reccptorand adifferen, TceH receptor, e.g.. CD4, can beuscfui inactivating Tc ! 
* con. This heterobivaien, compound or compositions thereof can be used to I el* 1 

o c r:r ,oCD4+cD26+ ^ 

The heterobivaien, compounds or compositions thereof, e.g., as shown in ciaim ,7 

Teen " ^ ^ C ° UP,ed 10 " dfaCriC «™ ^ for the cL 

spile T Icll rcCCP '° r ' r' 50 ' " ,0X,n bC C0UP>aS 10 2 PCP ' ide llaVi " s spe = ifici ^ f0 " 
CD T T" " ^ dimCriC «~ or binl to the 

The compounds or compositions thereof can be administered atone or in 
combmatio,, with one another, or in combination with outer therapeutic agents For 
c,™ P ,e. treatment with one of the bivaien, compounds can be combined with 'more 
trad„,o„al therapies for treating disorders of the immune. 
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When administered, the pharmaceutical preparations of the invention are 
applied in pharmaceutically-acceptable amounts and in pharmaceutically-acceptably 
compositions. Such preparations may routinely contain salt, buffering agents, 
preservatives, compatible carriers, and optionally other therapeutic agents. When 
5 used in medicine, the salts should be pharmaceutically acceptable, but non- 
pharmaceutically acceptable salts may conveniently be used to prepare 
pharmaceutically-acceptable salts thereof and arc not excluded from the scope of the 
invention. Such pharmacologically and pharmaceutically-acceptable salts include, 
but are not limited to, those prepared from the following acids: hydrochloric, 

10 hydrobromic, sulfuric, nitric, phosphoric, maleic, acetic, salicylic, citric, formic, 
malonic, succinic, and the like. Also, pharmaceutically-acceptable salts can be 
prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or 
calcium salts. The pharmaceutical compositions also may contain, optionally, 
suitable preservatives, such as: benzalkonium chloride; chlorobutanol; parabens and 

15 thimerosal. Compositions suitable for parenteral administration conveniently 
comprise a sterile aqueous preparation of the crosslinking compound, which is 
preferably isotonic with the blood of the recipient. This aqueous preparation may be 
formulated according to known methods using suitable dispersing or wetting agents 
and suspending agents. The sterile injectable preparation also may be a sterile 

20 injectable solution or suspension in a non-toxic parenterally-acceptable diluent or ; 
solvent, for example, as a solution in 1,3-butanc diol. Among the acceptable 
vehicles and solvents that may be employed arc water, Ringer's solution, and 
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this purpose any bland fixed oil 

25 may be employed including synthetic mono- or di-glyceridcs. In addition, fatty 
acids such as oleic acid may be used in the preparation of injectablcs. Carrier 
formulation suitable for oral, subcutaneous, intravenous, intramuscular, etc. 
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administrations can be found ta Rcminston , s p harmacoutica] 

Publishing Co., Easton, PA. 

A variety of administration routes are avaijable for treating a subject The 
particuiar mode of delivery selected wih depend, of course, upon the particuiar 
crosshnkmg compound seiected, me severity of me condition being treated and the 

s P c ak , ng , may be practiced ^ any mode of administratiou ^ . * >* 

acceptable, meaning any mode that produces effective levels of the active 
comp oun ds without causing clinically unacceptabie adverse effects. Such modes of 
d mm,s t rat,o„ include ora l, rectal, topical, nasal, interdermal, or parentera! rou^ 
uchmod.ofadministrationaisoinc.udeobfainingTcel.sorbonemarrori' 
-Us w th the crosshnkmg compounds of invcMion ^ vjv0j foiio ^ . 
reintroducing the treated cells to the patient. Tie treated cell, k. ' . . 
< -o the patien, „ any manner known i„ the art for administering viable cells 

As used herein, the term "parenteral" includes subcutaneous, intravenous 

; ,,ab,C ,0 ~ °* »«s. They could, however, bo prefcrre 

* emergency situations. Oral administration wil, be preferred for prophylactic and 

The pharmaceutica, compositions may convenientiy bepresented in unit 
oageforntandmaybcpreparedbyanyofthemethodswell-knownintheartof 
*e invention into association^, a carrier which constitutes one or more cell 

bnngmg the crossing compounds into association with a ,i qui d [ mi JT , ■ 
*** solid carrier, or both, and then, if necessary, shaping the prclT ' 
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Compositions suitable for oral administration may be presented as discrete 
units, such as capsules, tablets, lozenges, each containing a predetermined amount of 
the crosslinking compound of the invention. Other compositions include 
suspensions in aqueous liquids or non-aqueous liquids such as a syrup, elixir or an 
5 emulsion. 

Other deliver}' systems can include time-release, delayed release or sustained 
release delivery systems. Such systems can avoid repeated administrations of the 
crosslinking compounds described above, increasing convenience to the subject and 
the physician. Many types of release delivery systems are available and known to 

io those of ordinary skill in the art. They include polymer base systems such as 
poly(lactide-glycolide), copolyoxalates, polycaprolactones, polyesteramides, 
polyorthoesters, polyhydroxybutyric acid, and poly anhydrides. Microcapsules of the 
foregoing polymers containing drugs are described in, for example, U.S. Patent 
5,075, 10*9* Delivery systems also include non-polymer systems that are: lipids 

15 including sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats 
such as mono- di- and tri-glycerides; hydrogel release systems; sylastic systems; 
peptide based systems; wax coatings; compressed tablets using conventional binders 
and excipicnts; partially fused implants; and the like. Specific examples include, but 
are not limited to: (a) erosional systems in which the crosslinking compound is 

20 contained in a form within a matrix such as those described in U.S. Patent Nos. 

4,452,775, 4,667,014, 4,748,034 and 5,239,660 and (b) diffusional systems ln which 
an active component permeates at a controlled rate from a polymer such as described 
in U.S. Patent Nos. 3,832,253, and 3,854,480. In addition, pump-based hardware 
delivery systems can be used, some of which are adapted for implantation. 

25 Use of a long-term sustained release implant may be particularly suitable for 

treatment of chronic conditions. Long-term release, as used herein, means that the 
implant is constructed and arranged to delivery therapeutic levels of the -active 
ingredient for at least 10 days, and preferably 60 days. Long-term sustained release 
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imp.™* are we IWt „own l0 ^ of ordinmy ^ fa ^ ^ ^ 

release systems described above. 

The crossing compounds describe(j ^ ^ 
amount, A „ cff ec ti ve w is a dosage of th e crossing co mpound 5uffic] , M 
> » prov,de a medicalJy desirable resui, The effective amount will vary with the 
parfcular condition being Seated, the age and physical condition of the subject 
bc.ng treated, the severity of the condition, the duration of the treatment, the nature 
f he concurrent therapy (if any), , he specific route of administration and ,i k e 
actors w.thin the Icnowledge and expertise of the heaith petitioner. For esampfc 

'o mcreasc to a statistical* signiflcant extent T ce„ activation as for example 

_db y^fcration or by incrcasedXceii activity, .neffectivea^tfor 
<™u,at m g a destrcd i rarau „e response also can be measured, for exampie, by . 
determming a change in the immune fi,n„; nn . ....... , . 

< „ . 114 " auu J eci le.g., increased B cell 

response, mcreased cytotoxic T ceii response, stimuiation of bone marrow 

proration, or an ability to slow, halt, orprevent an infection or cancer) An 

_ fM ^ » «"*»»« or aner g ic disorder wouid be 

.atamo™,^ 

located with Ule disorder so as to siow or hai, the deve.opment of or the 
progression of the disorder. Thus, i, will be understood tha, the crosslink 
compounds of the invention can be used to treat an autoimmune disorder (e g 

■espouse (c. g ., recptents pnor to transplant). As used in the claims, "inhibit" 
embraces a,l of the fore g oin g . Likewise, an effective amount for treating ■ 

progre S s,o„,or h a,t,hepro 8 ressionofmeimmunesystcmdisorde, I tisreferr ' 
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generally that a maximum dose be used, that is, the highest safe dose according to 
sound medical judgment. 

Generally, doses of active compounds will be from about O.OOlmg/kg per day 
to 1000 mg/kg per day. It is expected that doses range of 0.01 to 100 mg/kg will be 
suitable, preferably orally and in one or several administrations per day. Lower 
doses will result from other forms of administration, such as intravenous 
administration. In the event that a response in a subject is insufficient at the initial 
doses applied, higher doses (or effectively higher doses by a different, more 
localized delivery route) may be employed to the extent that patient tolerance 
permits. Multiple doses per day are contemplated to achieve appropriate systemic 
levels of compounds. 

Other embodiments arc within the following claims. 
What is claimed is: 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(i) APPLICANT.. Trustees of Tufts College 

(ii) TITLE OF THE INVENTION: MULTIVALENT COMPOUNDS fop 

CROSSLINKS RECEPTORS AND USES THE^cT 

(iii) NUMBER OF SEQUENCES: 27 

(iv) CORRESPONDENCE ADDRESS- 

(A) ADDRESSEE: Wolf, Greenfield * Sacks P r " 
B STREET: 600 Atlantic Avenue 

(C) CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: U.S.A. 

(F) ZIP: 02210 

(v) COMPUTER READABLE FORM- 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM ComoatiM- 

(C) OPERATING SYSTEM:' DOS 

(D) SOFTWARE: FastSEQ for Windows 

(vi) CURRENT APPLICATION DATA- 
(A) APPLICATION NUMBER: 
(BJ FILING DATE: 28-JUN-1997 

(CL^ASSIEIGAT-ION-: - - - 

(vii) prior APPLICATION DATA- 

(A) APPLICATION NUMBER: 08/671 756 

(B) FILING DATE: 28-JUN-l 996 ' 

(A) APPLICATION NUMBER: 08/837 305 

(B) FILING DATE: U-AER-1SS7 

(viii) ATTORNEY/ AGENT INFORMATION • 
A) NAME: Plumer, Elizabeth R 
. REGISTRATION NUMBER: 36 637 
(O) REFERENCE/DOCKET NUMBER: 10254/7007 
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(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE : 617-720-3500 

(B) TELEFAX: 617-720-2441 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Glu Ala Asp Pro Thr Gly His Ser Tyr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEfJGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ser Ala Tyr Gly Glu Pro Arg Lys Leu 
1 5 

T27 INFORMATION FOR~ SEQ" ID~NOT3": 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
Glu Val Asp Pro lie Gly His Leu Tyr 
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1 5 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO:4: 

Met Leu Leu Ala val Leu Tyr Cys Leu 
1 S 

(2) INFORMATION FOR SEQ ID NO:5 : 

(1) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 amino acids ' 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(li) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:S : 

Tyr Met Asn Gly Thr Met Ser Gin Val 
1 5 

l2) INFORMATION -FOR SEQ ID NO: 6: " 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 9 amino acids * 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:6 : 

Tyr Leu Qlu Pro Gly Pro Val Thr Ala 

1 5 

(2) INFORMATION FOR SEQ ID NO: 7: 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Leu Leu Asp Gly Thr Ala Thr Leu Arg Leu 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Ala Ala Gly lie Gly He Leu Thr Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

_ (ii)_ M^jECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Ser Ser Ser Thr Leu Cys Thr Ser Lys Ala Asp Lys Ser Ser Gly Asn 

15 10 is 

Gin Gly Gly Asn Gly Val Phe He Val Val Asn Ala Trp Tyr Ser 
20 25 30 

(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO:10: 

Ser Glu Asp Leu Thr Ala Gly Tyr Cvs w<= rs n u , 
± s iyr cys Lys Cys Phe Glu Glu Phe Val 

Leu Ala Ser Arg cys Lys 10 *5 

20 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 60 amino acids' 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll : 
^ dn Arg Gin Gly n e Lys Val Gin x« lie Leu Phe il e Leu Arg 

- Leu Met lie Asn Thr Ser Ser Ser £ His lie Leu Asp £ ^ 

- Val P f Leu His Thr Gly His Gly Giu Pro Met ^ - ^ ^ 

He Glu Trp V al Le U ^mtrGJ^^^^' 

55 60 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 22 amino acids' 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
di) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

His Lys Ala Val Phe Arg Ser Glu lie Ser Leu Gin t ^_ 

i,er Leu Gin Lys Trp Cy S Ser 



-107- 



1 5 10 15 

Asp Thr Gin Lys Ser Thr 
20 

(2) INFORMATION FOR SBQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Asp Ser Phe Glu Ser Val Arg Leu Pro Ala Pro Phe Arg Val Asn His 

1 5 io 15 

Ala Val Glu Trp 
20 



{2} INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

He lie Ser Pro Val He Phe Gin He Ala Leu Asp Lys Pro Cys His 
1 5 io 15 

Gln-Ala-Glu -Val— Lys-H-i-s-Leu 4Ii-s- m-s-Leu-]^u--Lys-Gln~Leu--Lys-Pro - 

20 25 30 

Ser Glu Lys Tyr Leu Lys He Lys. His Leu Leu Leu Lys Arg Glu Arg 

35 40 45 

Val Asp Leu Ser Lys Leu Gin 
50 55 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
<ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:15 : 

^ ryr x-u Lys lie Lys His Leu ^ £ Lys ^ ^ ^ £ 

Leu Ser Lys Leu Gin 30 



- (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 27 amino acids' 

(B) TYPE: amino acid 

■(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16 : 

Pro Pro Gin Thr Gly Glu Lvs tv>- t 
1 Y Lys Tyr Leu Lys Ile hys His Leu ^ ^ 

Lys Arg Glu ^ Val ^ ^ ^ ^ £ ^ 
^° 25 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 22 amino acids" 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

Ux) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:17- 

^ «. - T ^ ru ^ ? tys val ^ Gln ^ 

Phe Leu Val His Pro Ala IS 
20 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Asp Thr Leu Leu Leu Leu Pro Arg Lys Val Leu Gin Met Asp Phe Leu 

15 10 15 

Val His Pro Ala 
20 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Leu His Phe Ala Ser Arg Trp lie Phe Leu Phe lie Gin Pro Glu Cys 

1 5 10 15 

Ser Glu Pro Arg 
20 

(2) INFORMATION FOR SEQ ID NO: 20: 

( i ) ~ SEQUENCE" CMRA'CTERISTICS": 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Gin Asp Leu Thr Met Lys Tyr Gin lie Phe 
15 10 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS • 
• (A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO:2l: 
Ala Ala Ala Ala Ala Ala 



(2) INFORMATION FOR SEQ ID NO:22: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 13 amino acids' 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION • ccr, m „ 

XJJ Vi\JlZ£i 

«i* Ser Leu cly L ^ ^ ^ ^ ^ ^ ^ 

10 

(2) INFORMATION FOR SEQ ID NO:23 : 



- - (i) -SEQUENCE-CHARACTERISTICS • ~ ~~ 

(A) LENGTH: 19 amino acids' 

(B) TYPE: amino acid 

CC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO.-23: 

*r u» = ly r ^ ^ Gly ^ ^ ^ ^ ^ ^ ^ 

Ala Ala Ala 10 15 

• (2) INFORMATION FOR SEQ ID NO: 24: 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : singles 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

His Ser Leu Gly Lys Trp Leu Gly His Pro Asp Lys Phe Ala Ala Ala 

l 5 10 15" 

Ala Ala 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Ala Ala Ala Ala Ala Phe Lys Asp Pro His Gly Leu Trp Lys Gly Leu 

1 5 10 15 

Ser His 



(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 8 amino acids 

-(B)— TYPE :- _amino_acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Ala Asp Pro Thr Gly His Ser Tyr 
1 5 

(2) INFORMATION FOR SEQ ID NO:27: 
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(C STRANDEDNESS: single 
G>) TOPOLOGY; 1^ 

MOLECULE TYPE: pep tide 

^ SEQU E N C ED ESCHX P TIO N; sE QlDN0 . 27 . 
T ^ ^ ^ Mp Ala 
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CLAIMS 



A compound, having the structure 

Y1 Y3 
D1 - A1 " A2 ~ A3 - A4 Q 02 - AS - A6 - AT - A3 — B 



\ 
Y2 



\ 
Y4 



5 wherein Dl and D2, independently, are selected from the group consisting of NH and 
NH2, wherein N represents any isotope of nitrogen, wherein H represents any isotope of 
hydrogen; "-"is, independently, selected from the group consisting of a single bond and a 
double bond; B represents, independently, any isotope of boron; A l and A5 are, 
independently, selected from a group consisting of a C, a CX moiety and an N, wherein C 

10 represents any isotope of carbon, wherein X represents any atom capable of forming a 
single bond with C: each A2, A3, A4, A6, A7 and A8 are, independently, selected from a 
group consisting of a CX moiety, a CXZ moiety, a CZ moiety, an NX moiety, and an O, 
wherein X and Z, are, independently, selected from the group consisting of any atom 
capable of forming a single bond and any atom capable of forming a double bond with C 

15 or N and wherein O represents any isotope of oxygen; wherein each Yl , Y2, Y3 and Y4 
are, independently, selected from the group consisting of a hydroxyl moiety and any 
reactive moiety that converts to a hydroxy! moiety under physiological conditions; and L 
represents a linker molecule (i) having a molecular weight ranging between about 100 : 
daltons and about 2000 daltons, (ii) having a span ranging from about 20~A~to aBouf 3"00" 

20 A, and (iii) containing a chain of atoms selected from the group consisting of a 

combination of C, O, N, S, and Ph atoms, connected by single bonds or by double bonds 
in a manner that does not violate the laws of chemistry and wherein S represents any 
isotope of sulfur and Ph represents any isotope of phosphorous. 

2. The compound of claim 1 wherein the following structures 

.25 D1 -A1 - A2-A3- A4 S 

I ^ Y2 

R 
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and 



D2-A5-AQ~A7~A8 — ■£ 



Y4 



3- The compound of Cain, 2 whe roi „ there arc 4 atoms position between ,hc C rouo 
constsung of Dl and D2 and B of ft. binding moiety. * 

4- The compound of claim 2 whcKin U)e b . nd . ng mokty . s ^ ^ L configurai . on 

5 - The compound of claim 2 wherein YI Y? Yl ,„,r v/ ,. , 

'"ii 1 1, xz, Y3 and Y4 arc hydroxy! groups. 



6- The compound of ciaira 1 wherein .he A4 bonded to the B is in the I r 



The compound of claim 2 wherein <he binding m oie,y is an L-amino acid residue 
conjugated to B, a boron molecule. ldUe 

*■ The compound of claim 2 wherein the binding mo ic.v is selected from the grouo 
=ons,s„„g of L-Lys-L-boroPro and a derivative 

selected^ CO r POU " d " f C ' aim ' W,Kniin *** m °*""< * .roup 

selected I on, the group consisting ofa carbonate group, an amino group a su W JT 

.roup, an .middle group, an altote group, an aey, halogen group and C „ X w v 
represents a halogen. Wllerem X ' 



WO i)8/004i$ 



iMJiyubv/uu/y 



-115- 

10. The compound of claim 1 wherein the linker molecule is further defined as having 
the following structure: 

wherein [G] contains atoms selected from the group consisting of a carbon, 
5 nitrogen, oxygen, hydrogen and a sulfur atom; [J] is selected from the group consisting of 
a CH 2 molecule, a chain of carbon atoms, a chain of nitrogen atoms, and a chain of oxygen 
atoms; and m, p, and q represent an integer from I to 50, inclusive. 

1 1. The compound of claim 10 wherein [G] is an R group selected from the group 
consisting of L-amino acid residues selected from the group consisting of lysine, cysteine, 

10 glutamic acid, aspartic acid, histidine, argininc, glutaminc, and asparagine and D-amino 
acid residues selected from the group consisting of lysine, cysteine, glutamic acid, aspartic 
acid, histidine, argininc, glutamine, and asparagine. 

1 2. The compound of claim 1 wherein the linker molecule is selected from the group 
consisting of hexanedioic acid (adipic acid), EGS, 1 , 4-diaminobutane, 1, 4-dithiobutane, 

15 dithiothreitol, lysine, cysteine, glutamic acid, aspartic acid, histidine, arginine, glutamine, 
and asparagine. 

13. The compound of claim 1 wherein the linker molecule contains at least two amino 
groups when the binding moieties contain glutamic acid residues. 

14. The compound of claim 1 wherein the linker molecule contains at least two amino 
20 groups when the binding moieties contain aspartic acid residues. 

15. The compound of claim 1 wherein the linker molecule contains at least two 
sulfhydryl groups when the binding moieties contain cyslcinc residues.- 

16. ' • The compound of claim 1 wherein the linker molecule span ranges from about 30 
A to about 1 00 A. 
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1 7. A compound, having the structure 

P Y1 

O ~ A1 — A2 - A3 — A4 —B 

X 

Y2 



wheretn D is independent,, se,ec,ed from the group consisting of NH and NH ; , wherein N 
. represents any isotope of nitrogen, wherein „ re „ a „ y rf ^ ^ 

se,ec,ed from the group eo„si stin8 of. sing,e bond and a aouble b ' ond . B 
represents, ,„depe„den,I y . a „y isotope „f boron; Al is , ' 
•J conststing of a C, a CX moiety and an N, wherein C repots a „y isotope of 

A3 and A4 are, mdepe„de„„y, sCcctcd from a group consisting of a CX moiety a CXZ 
mo.cly a CZ moiety, an NX moiety, and an 0, wherein X and Z, independent,; are 
selected from the group consisting of a„ y a ,om capab,c of forming a singIc 

om capab.c of forming a double bond w,, h C or N and wherein O represents a„ y isoZ 
o oxygen; wherein each y, and Y 2 arc . independent,,, selected from the group UZ 

p h y,o,og,ea, conditions; L represents a hnker m„,eeu,e (i) having a moiecuhtr weigh, 
rungmg-between^rOO^ 

rrom about 20 A to about 300 A, a „d (iii) containing . chain of atoms seiected frol the 
S roup consisting of. c„mbi„ a ,i„„ of C , O, N, S, and Ph a ,„ ras , connected by si„g,e bonds 
or bydoub,e bonds in a manner th a , does not vio.ate the laws of chemistry a d w^ 

represents a peptide ranging from 3 to 30 amino acids having sufficient sequence 
homology to bind to a naturally occurring receptor. 



The compound of claim 17 wherein the following str, 



uclurcs 



Or ~ 

I 
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and 

Y3 

represent, independently, a binding moiety, wherein R represents the remainder of the 
5 molecule. 

19. The compound of claim 1 8 wherein there are 4 atoms positioned between D and B 
of the binding moiety. 

20. - * The compound of claim 1 8 wherein the binding moiety is in an L-configuration. 

21 . The compound of claim 1 7 wherein Yl and Y2 are hydroxyl groups. 

10 22. The compound of claim 1 7 wherein the A4 bonded to the B is in the L- 
configuration. 

23. The compound of claim 1 8 wherein the binding moiety is an L-amino acid residue 
conjugated to B, a boron molecule. 

24. The compound of claim 1 8 wherein the binding moiety is selected from the group 
15 consisting of L-Lys-L-boroPro and a derivative of L-Lys-L-boroPro. 

25. The compound of claim 17 wherein ihe linker molecule contains a functional group 
selected from the group consisting of a carboxylate group, an amino group, a sulfhydryl 
group, an imidazole group, an allcenc group, an acyl halogen group, and CH 2 X, wherein X 
represents a halogen. 
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w ere,n G c„ nlains atoms selected from ^ group cons . t . ns ^ a 
ox 8 =„ h y d rog e„ Md . sular atom; rJ] „ S£|ected ftom • 
~ . chain of caroon a,„ ms , . chain of nilrosen atoms , Md , g ^ 
*om s; and „,, p and q repent an i„,c S cr from , ,„ 50, inciusivc. 

27. The compound of claim 26 wherein [G] U an R C rou„ S c lm ,,„ r„ 

acid, ,p ani c acid, h^idine, a.inine, ^ Md ^ 1 ^ 

SCkCtedta "— -n, i „,c y ,ei„c, sluUmicac Cl 
acid, Insudmc, argmine, glutamine and asparagine. 

28- The compound of claim 1 7 wherein mc linker molecule is selected f mm „ 
" — --d ipicacid)betwecn2 ^ 

diaminobutanc. 1 ,4-dithiobulane, and dithiothreitol. 



30. 
acids. 



The compound of c lata ,7 wherein ,he pepiide ra„ 6 es from abou, 7 ,o 25 .mino 
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3 1 . The compound of claim 1 7 wherein the peptide is selected from the group 
consisting of: 

a) a peptide derived from a human myelin protein. 

b) a moth cytochrome C peptide; 

c) a tetanus toxin; 

d) a HIV-1 GP 120 peptide; 

e) myelin basic protein peptide; 

f) a tumor antigenic peptide; and 

g) antigenic peptides of infectious agents. 

32. The compound of claim 3 1 wherein the human Myelin protein peptide is selected 
from the group consisting of a myelin basic protein; a mylene proteolipid protein, and a 
myelin associated glycoprotein, wherein the myelin proteolipid protein peptide is selected 
from the group consisting of PLP peptide 139-151 and PLP peptide 190-209, wherein the 
Moth cytochrome C peptide is peptide MCC 94-103, wherein the myelin basic protein 
peptide is MBP peptide 1-11, and wherein the tetanus toxin peptide is selected from the 
group consisting of tetanus toxoid peptide and P2 tetanus toxoid peptide. 

33. The compound of claim 17 wherein the naturally occurring receptor is a T cell 
surface receptor or a B cell surface receptor. 

34. _ The compound of claim 33 wherein the cell surface receptor is selected from the 



group consisting of TCR/CD3, CD2, CD4, CDS, CD 10, CD26, CD28, CD40, CD45, B7.1 
and B7.2. 

35. A compound, having the structure 



t D~A1-A2-A3-A4 — B 



/ 
\ 



Y2 



-fj; E2 f/J,. 



Y1 



D - A1 -A2-A3-A4 • 

I 

E1- [JJ B E2 UL !£3 



Y2 
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wherem D is independent selected from the group consis(ing of NH ^ ^ 
represents any i s „, 0 pc of „ ilrogcn , w „ orein „ ^ rf ^ ^ 

mdependently, selected from the group consisting of a single bond and a double bond- B 
> represent independent any isotope of boron; A, is, independent se,ee«ed from a' 
sroup consisting of a C, a CX moiety and a„ N, wherein C represents any isotope of 
carbon wherein X represents any atom eapabie of fonning a sin g ,e bond with C: each A2 
A3 and A4 are, independent*, seated from a group consisting of a CX moiety a CX2 ' 
mo.e.y a CZ moiety, an NX moiety, and an O, wherein X and Z, independentiy' are 
selected from the group consisting of any atom eapabie of forming a singie bond and any 
om eapabie of forming a doubie bond with C or N and wherein O represents any isotope 
o ygen; whercn each Y, and V 2 are, independentiy, selected from the group eonsilg 
o a hydroxy, moiety and any reactive moiety that eonvens to a hydroxy, moiety under 
phys.olog.ca, conditions- n represents a„ inte g er , Md ^ 

'5 wherein EI and E3 are distinct reactive species in which: 

=0 R and R' comprise the remainder of the molecules not relevant to this 

reaction; 

E,-R-or b R--E, H1 " '° R> ^ ' C0Vaien ' WhiC " ™ ' 08eted ~d as 

0 E3i "'^ l oRbya«,valc. 1 tbo„dwhiehare,ogeU,erdesig„a t edasE3. 
") R- represents the part of El-R not undergoing a chemical reaction; 



25 



R or R-E3 
d) 

e) R represents the part of R-E3 not undergoing a chemical reaction- 

0 El undergoes a chemical reaction with E3 to form the product El'-ES' and a 

2e-H0 „ byPr0dUCtF ' W ™ 

, i-i 2 U, and any other byproduct; 

g) 



where H' is the cation of any isotope of hydrogen and e" is an electron- 
• h) where H represents any isotope of hydrogen and O represents any isotope 
OI oxygen; 

30 I} wherc El ' and.E3 are covalently bonded; 
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j) El does nol undergo a chemical reaction with another El ; 

k) E3 does not undergo a chemical reaction with another E3; and 
(1) El and E3 arc selected from the group, consisting of a carboxylate, amino, 
5 imidazole, sulfhydryl, aldehyde, ester, and any other reactive species; . 

wherein [J]p, E2, [I]q and [G]m together comprise a linker moiety, and wherein 
[G]m, [J]p, and [I]q represent, independently, linker molecules (i) having a molecular 
weight ranging between about 100 daltons and about 2000 daltons, (ii) having a span 
ranging from about 20 A to about 300 A, and (iii) containing a chain of atoms selected 
10 from the group consisting of a combination of C, O, N, S, and Ph atoms, connected by 
single bonds or by double bonds in a manner that does not violate the laws of chemistry 
and wherein S represents any isotope of sulfur and Ph represents any isotope of 
phosphorous; and wherein m, p and q represent, independently, an integer from 1 to 50, 
inclusive; 

1 5 and wherein E2 is selected from the group consisting of CX, CH, N, Ph YZ, PhU 

and any other moiety capable of forming covalcnt bonds with [J] p , [G] nl , and [I] q and 
wherein: 

a) C is any isotope of carbon; 

b) x is any isotope of any atom capable of forming a single bond with carbon; 
20 c) H is any isotope of hydrogen; 

d) N is any isotope of nitrogen; 

e) Ph is any isotope of phosphorous; 

f) _ _ Y is any isotope of any atom capable of forming a single bond with 

phosphorous; 

25 g) Z is any isotope of any atom capable of forming a single bond with 

phosphorous; and 

h) U is any isotope of any atom capable of forming a double bond with 

phosphorous. 

36. 'The compound of claim 17 wherein the following structures 

JU 01 -A1 -A2-A3-A4 a 

i. - 



WO 98/00439 



PCTYUS97/11279 



-122- 

and 



R Y4 



37 



Tne compound of claim 35 wherein (a, [G] m is Ul e side chain of , D . or L . isomcr 
of lysmc, cysteine, 8 h„amic acid , asparUc acM> ^ arsiniiK> g|u(aminc _ ^ 



«e; (b, E2 is D- „ r L- isomer of lysine, cysEine _ 8lutamfc ^ ^ ^ 

d froni the eroun 



tadme, ar S ,„,„e, glulaminc , M(i (c) ^ 

consisting of an 
from each other. 



3*. Tta compound of claim 35 wherein (a) [G]m is the side chain of a D- or L- isomcr 
oflysmc, cystine, g.utamic acid, aspartic acid, histidinc, ar 8 i„i„e, s l„,amine, and 
-paragmc; (b) E2 is selected from me 8 roup consis ( i„ 6 of 2-carboxybutyl 2- 
carboxypropy^^ . 

carboxy s,dc chain, P]p and m represent, independently, hydrocarbon chains; (d) EI 
and E3 are selected from ,he S ro„p consist of an amino moiety and a carboxyli aid 
mo,= ly; and (e) El and E3 are distinct from each other. 



39 



A method for s,imulatin 8 activation of proliferation of human CD26-bearin E 
lymphocytes or CD26-beari„ s hematopoietic cells, said method eomprisin. contact^ 
sa,d lymphocytes or hematopoietic cells wiU, a proliferation or aetivation-i„duoi„ E 
concentration of the compound ol'any of claims 1, 17, 35 or 49. 
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40. The method of claim 39, wherein said contacting is carried out by administering 
said compound to a human patient suffering from a disease state characterized by 
inadequate lymphocyte activation or concentration. 

41. The method of claim 40, wherein said disease state is caused by HIV infection. 

42. The method of claim 40, wherein said compound is administered in conjunction 
with a second, different agent which stimulates activation or proliferation of said 
lymphocytes. 

43. The method of claim 40, wherein said compound is administered by a route 
selected from the group consisting of orally, intramuscularly, subcutaneously, and 
intravenously. 

44. The method of claim 39, wherein said contacting of lymphocytes with said 
compound is carried out in vitro. 

45. The method of claim 40, wherein said disease state is a neoplasm, and said CD26- 
bcaring lymphocytes arc cytolytic or helper T cells. 

46. The method of claim 40, wherein said patient is suffering from side effects of 
chemotherapy or radiation therapy, one of which side effects being a consequence of 
depletion of cells of the immune system, wherein cells of the immune system arc selected 
from the group consisting of cells derived from lymphoid, crythroid and myeloid lineages. 

47. The method of claim 40, wherein said patient suffers from kidney failure resulting 
in depletion of cells of the immune system. 

48. ' . The method of claim 40, wherein said patient suffers from a bone marrow disorder 
resulting in immunodeficiency. 



WO 98/00439 



PCT/US97/11279 



-124- 

49. A compound having the formula I: 



f p2 CR 2 )J„-L-P'R> 



5 of a r hCrdn P ' " 3 fifSt ^ mimiCS ^ing site 

n-Oorl and n=a whole numberfrom 1 to 10, and L represents a linker molecule. 
50. The compound of claim 49 , wherein pl=p , md R! ^ o] ^ difftreM ^ ^ 

Jl . The compound of cWm 4 „_ whera . n pl ^ wnds 

52. A vaccine comprising Ihc compound of claim 49. 

53. AP^ecmicalcomposiUon comprising the compound of elain.sl 173, .0 
m a phannaccutically acceptable carrier. ' ' " " 9 ' 

* 54. A ,„«„„„ for manu&cturi „ g a composii . on co 

P.acn 8 .he compound of Cairns ,. , 7 , 35 , or 49 i„ a pharmaccu.icaiiv accept 
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55. The method of claim 39, wherein administering comprises obtaining the T cells, 
bone marrow cells, stem cells or early lineage progenitor cells from the subject, contacting 
the isolated cells with the compound ex vivo in an amount effective to stimulate the cells, 

5 and reintroducing the cells to the subject. 

56. A method for treating an autoimmune condition comprising: 

administering the compound of claims 1, 17, 35, or 49 to a subject in need of such 
treatment in an amount effective to inhibit the autoimmune condition in the subject. 

57. The method of claim 40, wherein said patient suffers from immunodeficiency 
10 symptoms resulting from depletion of cells of the immune system. 

58. The compound of claim 49, wherein P 2 is a retroinverso peptide. 

59. Tfcc compound of claim 49, wherein P 2 is a tumor antigenic peptide. 
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